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Patients with obstructive jaundice not infrequently have hypopro- 
thrombinemia within a week after the onset of jaundice. In a previous 
ommunication, Livingstone and one of us (Allen) * gave evidence that 
vitamin K is stored in the body and will prevent a precipitous fall after 
liscontinuance of administration of the drug to patients with obstructive 
jaundice. Lord, Andrus and Moore? have likewise concluded from 
their work that vitamin K is stored and have suggested the liver as 
the site of storage. Such observations raise the problems of the rapidity 
' in vivo destruction of prothrombin and the apparent absence of 
storage of vitamin K. 

The intimate association of prothrombin elaboration and the liver 
is shown in the hepatectomized dog. In such an animal the prothrombin 
falls to zero within twenty-four hours.* Similar disappearance of 


prothrombin has been produced by chloroform poisoning.* This com- 
plete loss of prothrombin in such experiments is in sharp contrast to 
the slow loss of prothrombin activity in plasma maintained at body 


temperature (four days required to bring the level of prothrombin -to 
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50 per cent of normal®). It would appear that prothrombin js actively 
destroyed in vivo, at least when the liver is damaged or removed 

A case was observed by us that would indicate active destruction 
of prothrombin in the presence of an apparently normal liver. A 37 
year old woman with a complete external bile fistula, the resu! 
previous cholecystectomy, had spontaneous hemorrhages fourteen 
months after the fistula developed. She was given a transfusion of 
7,200 cc. of blood over a thirty-six hour period. Bleeding ceased. 
Within two days, however, spontaneous hemorrhage recurred, despite 
the fact that the amount of blood given by transfusion approximated 
the calculated total blood volume of the patient. The prothrombin of 
the transfused blood apparently was destroyed within this short period. 
This case emphasizes the futility of transfusion alone in combating 
hemorrhage due to hypoprothrombinemia. 


t of a 


As there is rapid in vivo destruction of prothrombin, one must 
account for the failure of hypoprothrombinemia to appear until rela- 
tively late in some cases, e. g., cases of complete external bile fistula. 
In the case just mentioned as well as in other cases of external bile 
fistula we have observed a delay in the appearance of hypoprothrom- 
binemia for one month or more after the complete drainage of bile 
externally. There must be a constant replenishing of circulating pro- 
thrombin in these cases, and there is presumably a reserve of vitamin K 
which enables the liver to elaborate prothrombin, since further absorp- 
tion of the vitamin is prevented by the absence of intestinal bile. 

Further evidence that vitamin K is stored was obtained in the cases 
of 3 patients, each with a bile fistula. As soon as each patient disclosed 
a reduction in prothrombin ® the following experiment was performed: 
Eight milligrams of vitamin K (menadione; 2-methyl-1, 4-naphtho- 
quinone) was administered with bile salts over a twenty-four hour 
period. With this dose the prothrombin rose to a normal level by the 
following day. As soon as a normal level of prothrombin was obtained, 
administration of the drug was discontinued and the time necessary for 
prothrombin deficiency to appear again was recorded. In none of these 
patients did the prothrombin remain at the normal concentration longer 
than twenty-four hours after cessation of vitamin therapy. If, however, 
the drug was again administered, this time for from four to five days, 
four to six days elapsed after its discontinuance before the onset of 
prothrombin reduction appeared (see table). To 1 of these patients a 
third course of vitamin K (see chart) was administered ; this time the 
drug was given for eleven days. In this instance normal prothrombin 


5. Allen, J. G.: Unpublished data. 
6. Allen, J. G.; Julian, O. C., and Dragstedt, L. R.: Use of Serial Dilutions 


in Determination of Prothrombin by the One Stage Technic, Arch. Surg. 41:873- 
878 (Oct.) 1940. 
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activity was maintained for twelve days after administration of the 
drug was stopped. 

The data on these 3 patients constitute conclusive evidence that 
vitamin K in some form is stored within the body and permits the 
elaboration of prothrombin by the liver as long as the stores hold out. 


Correlation of Duration of Vitamin K Therapy and Period of Maintenance of 
Normal Prothrombin Level after Discontinuance of Drug 











Number of Number of Days 
Daysof Prothrombin Level 
Vitamin K at 100 per Cent After 
Complete External Bile Fistula Therapy Drug Discontinued 


Case 1 (2 courses of vitamin K) 1 
Case 2 (2 courses of vitamin K) 


Case 3 (3 courses of vitamin K) 
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DAYS 
A patient with a bile fistula and prothrombin deficiency received three courses 
of vitamin K-bile salt therapy. It is apparent that the longer the therapeutic 


period the greater the time before the onset of hypoprothrombinemia after admin- 
istration of the drug is discontinued. 


In this manner the continued destruction of prothrombin in vivo is 
compensated, so that a constant level of plasma prothrombin is main- 
tained. 

The concept of vitamin K storage and the recognition of the rapid 
in vivo destruction of prothrombin have immediate application in surgical 
practice. It becomes evident that treatment of hypoprothrombinemia 
with just sufficient vitamin K to raise the prothrombin content of the 
blood to normal will not insure against hemorrhage except for very 
short periods. It is necessary to continue treatment beyond this point 
to build up a reserve within the body before operation or to continue 
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treatment postoperatively until vitamin K in adequate amounts can be 
taken in the food. Unless this is done the prothrombin content of the 
blood will fall rapidly after cessation of treatment, with danger of con- 
sequent hemorrhage. 

Unfortunately, at present there is no method of measuring the 
vitamin K reserve. Apparently a patient may be at the point of depleting 
his reserve and still have a normal level of plasma prothrombin. Accord- 
ingly, it would seem wise to administer vitamin K when there is obvious 
defective absorption even though the prothrombin content of the blood 
is not decreased, since the reserve may soon be exhausted. 

It appears that damage to the liver greatly hastens the appearance 
of hypoprothrombinemia. This is illustrated in cases of obstructive 
jaundice as compared with cases of biliary fistula. That this fall in 
prothrombin is not due to the inability of the impaired liver to make 
prothrombin is evidenced by the usually rapid response in cases of 
obstructive jaundice to treatment with vitamin K. If it is assumed 
that the site of vitamin K storage is the liver, it seems likely that damage 
to the liver may result in a partial or total destruction of this substance 
or that the vitamin is stored in a form which the damaged liver cannot 
utilize for the elaboration of prothrombin. This may be the explanation 
for the unusually rapid fall of plasma prothrombin in persons exhibiting 
damage to the liver coupled with deficient absorption of vitamin K. 
Experimnetal work is in progress to determine whether this assumption 
is correct. 

SUMMARY 

Further evidence is presented indicating a rapid in vivo destruction 
of prothrombin in man. 

Failure of prothrombin to fall immediately after the development 
of a complete external bile fistula is explained on the basis of the 
storage of vitamin K. 

It is emphasized that the prothrombin determination does not indi- 
cate the state of the body reserves of vitamin K. 

It is essential that preoperative vitamin K—bile salt therapy be carried 
out in cases of jaundice or of bile fistula even though the initial pre- 


operative level of prothrombin is normal, as the body stores may be 
virtually depleted of the vitamin. 
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HYDATID CYST OF THE LIVER 


JOSE ARCE, M.D. 
Professor of Surgery, University of Buenos Aires 
BUENOS AIRES, ARGENTINA 


| have mentioned in a previous publication some of the pathologic 
changes which may appear in a person with hydatid cyst of the liver, 
especially one affecting the adventitia. I shall now describe some of 
the clinical forms of hepatic hydatosis, with particular attention to the 
treatment. 

In 85 per cent of cases hydatid cyst of the liver is situated in the 
right lobe; in only 15 per cent is it located in the left. In either loca- 
tion it may have an anterior or a posterior evolution, but a cyst of the 
left lobe usually directs itself forward (fig. 1) and ends by protruding 
onto the epigastrium, where it can be reached by a midline laparotomy 
(see paragraph 1 in section on technic). 

The most common type of cyst of the liver, i.e., that of the right 
lobe, may be central or peripheral. If it is central it does not alter the 
shape of the liver to a large extent, though the volume of this organ 
slowly increases as if hypertrophy of the parenchyma had set in. If it 
has a peripheral localization it has either a thoracic or an abdominal 
evolution and accordingly protrudes backward or forward. 

A cyst with an anterior thoracic evolution pushes forward the costal 
margin and makes it appear more or less widened at that level. Such a 
cyst may be reached either through a high laparotomy (see paragraph 2 
in section on technic) or by means of a transdiaphragmatic parapleural 
thoracolaparotomy (see paragraph 3 in section on technic). 

A cyst of posterior thoracic evolution (fig. 2) pushes the diaphragm 
and the inferior lobe of the right lung upward, thus deepening the corre- 
sponding costodiaphragmatic recess, the walls of which come closer 
together as the cyst grows larger. The surgeon cannot reach it without 


opening the pleura and cutting through the diaphragm (see paragraph 
4 in section on technic). 


A cyst of anterior abdominal evolution (fig. 3A) usually appears 
Irom under the costal margin. When it comes from the quadrate lobe 
it protrudes under the rectus abdominis muscle, but if its original site 


This is the second article on hydatid disease contributed by Dr. Arce at 
the suggestion of the Chief Editor of the ARCHIVEs. 
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Fig. 1—A, hydatid cyst of the left lobe of the liver (pneumoperitoneum). 
The shadows of the heart, the diaphragm and the right lobe are clearly seen in 
a normal condition. The left lobe is totally occupied by the tumor. B 
patient before pneumoperitoneum was present. 


, Same 





Fig. 2.—Hydatid cyst of the right lobe of the liver (pneumoperitoneum 


The shadow of the right hemidiaphragm is greatly raised. The heart and the 
diaphragm are distinctly seen in normal condition. The right lobe is totally 
occupied by the tumor, and the left lobe is increased in size (vicarious hyper- 
trophy). 
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is in the vertical portion of the right lobe it appears to the right of the 
vesicular line. In most cases its clinical appearance is that of a smooth, 
round tumor following the liver in its movements. It generally emerges 
from the liver in the shape of a sphere or a segment of a sphere. Some- 
times it is so peripheral that it leaves the liver en masse, in such a 
fashion that its attachment to the gland depends on whether it is sessile 
or pedunculated. This is a true emerging type of tumor, and the 
increase of volume on the part of the liver is localized. This last feature 
allows differentiation from a central cyst, as the latter screens its 
abdominal evolution behind a diffuse hypertrophy of the liver (fig. 3 B.) 
A hydatid cyst of the liver always causes vicarious or compensating 
hypertrophy of the parts of the organ which are not affected by its 





Fig. 3.—A, huge hydatid cyst of the right lobe of the liver (abdominal evolu- 
tion). The shadow of the liver is seen above that of the cyst; above this 
appears the air from the pneumoperitoneum, and still higher is the diaphragmatic 
lome. B, huge central cyst of the liver. There is diffuse hypertrophy of the 
whole organ. 


presence. This is better noticed in the left lobe; as hydatid cysts of 
this section of the gland is less common, an increase in size should be 
carefully checked to avoid mistaking the bulge for a cyst (fig. 2). 

As a rule, a cyst of anterior abdominal evolution comes into contact 
with the posterior aspect of the anterior abdominal wall; there the 
surgeon finds it by means of a laparotomy performed immediately above 
the tumor. I always resort to a transverse laparotomy, with or without 
dissociation of the muscle fibers (see paragraph 5 in section on technic). 

A cyst of posterior abdominal evolution comes into contact with the 
posterior abdominal wall. If it comes from the vertical portion of the 
night lobe it is related to the right kidney; this has more than once led 
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the surgeon to mistake such a cyst for a renal tumor. A cyst originatin 
J » - y, g 


in the caudate lobe protrudes farther in and pushes forward the com- 


ponents of the hepatic hilus (bile duct, portal vein and hepatic artery). 
A cyst of the former type is accessible either through a lumbotomy as 
performed for renal trouble or by means of a low transverse laparotomy 
at the level of the twelfth rib (see paragraph 6 in section on technic). 


A cyst of the caudate. lobe is dealt with through a transverse laparot- 
omy, the same as that used for a cyst of abdominal evolution. 


TECHNIC 
Laparotomies.—A cyst of the liver must be reached by the shortest 


route between the skin and the tumor. The following variation should 
therefore be adapted to the peculiarities of each case. 











i 





Fig. 4.—Cutaneous incision for a transdiaphragmatic parapleural laparotomy. 


1. Midline Laparotomy: This incision needs no description. There 
is no objection to carrying out the incision either to the right or to the 
left of the midline, so as to interpose two aponeurotic layers between 
the cyst and the skin. When the cyst bulges behind the left rectus 
abdominis muscle I use the transverse instead of the vertical transmus- 
cular laparotomy. 

2. High Laparotomy: A transverse incision is made which goes 
from one edge to the sheath of the right rectus abdominis muscle, on the 
tumor’s salient. The anterior wall of the sheath, the muscle and the 
posterior wall are then cut transversely; the cyst appears as soon as 
the last-mentioned structure is cut, as the peritoneum is closely attached 
to the posterior wall of the sheath. This type of incision offers the fol- 
lowing advantages: It is relatively small ; its direction allows the surgeon 
to see clearly through it, and it is usually large enough for the ulterior 
treatment of the cyst. If necessary, it can be easily and safely enlarged 
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py extending it to the right as far as the costal margin or to the left even 
farther away than the midline. 

3. Transdiaphragmatie Parapleural Laparotomy: This operation 
is carried out in four stages. 

In the first stage a cutaneous incision is made over the ninth, eighth 
or seventh costal arch, reaching in front the costal cartilages and on 
the other end as far as 4 or 5 cm., behind the costochondral joint on the 














Fig. 5.—Technic of transdiaphragmatic parapleural laparotomy. See text for 
explanation. 


naked rib (fig. 4). According to the costochondral arch selected, this 


incision will have a more or less pronounced upper concavity. 
In the second stage the aponeurosis and the muscular section of the 


rectus abdominis muscle are cut, the anterior end of the rib being thus 
exposed. 


The third step is to remove the entire costal cartilage, including the 
rt of the costochondral margin corresponding to this arch, and 3 or 
‘m. of the rib. This must be performed with the utmost care to 


id damaging the underlying structures. It is especially at the level 
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of the posterior surface of the rib that the greatest care should be 
taken not to interfere with the pleura. On the bottom of the operative 
wound the surgeon can recognize the diaphragm inside the costo. 
diaphragmatic recess and outside. The recess can be easily detected 
because it ascends obliquely upward and forward; it is marked by 


yellowish fatty tissue, and there is sometimes a small vessel whic! 

follows the same direction obliquely upward and forward (fig. 54). 
In the fourth stage, with a blunt dissector the pleural recess, together 

with its surrounding structures, is pushed upward and backward (fig 





B 











Fig. 6.—Technic of transpleural transdiaphragmatic thoracolaparotomy. Se¢ 
text for explanation. 


5B) so as to avoid opening the pleura and to expose a more ample 
zone of the diaphragm. As soon as the diaphragm is cut (fig. 5C), 
the convex surface of the liver and the cyst can be seen. As is easil) 
understood, this incision requires exact preoperative localization of the 
tumor, but I prefer it to mobilization of the costal margin, a technic 
called after Lannelongue by French surgeons. 


4. Transpleural Transdiaphragmatic Thoracolaparotomy: This oper- 
ation, usually called Israel’s, is directed toward the posterior part of the 
ninth rib, between the midaxillary and the scapular line. After resection 
of about 8 to 10 cm. (3 to 4 inches) of rib, the pleura and the diaphragm 
are opened throughout the wound ; care should be taken to avoid causing 
a pneumothorax. The pneumothorax can be avoided by the following 
procedure: The upper and the lower edge of the diaphragmatic incision 
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re held with a three-toothed or four-toothed forceps and are “herniated” 
fg. 6.4) until they are brought into contact with the muscles under 
the cutaneous incision. Both resulting edges are then sutured, first with 
lisconnected stitches and later with a running suture, which will insure 
perfect adaptation of both edges (fig. 6B). In this way the pleural 
cavity becomes isolated from the wound, and any contamination or irri- 
tation of the pleura is thus avoided. This procedure of muscular suture, 
taught by one of the greatest Argentine surgeons of the beginning of 
the century, Posadas, is in all lights preferable to that recommended 
by most authors, i. e., the suturing of both pleural layers before opening 
them. After Posadas’ procedure has been carried out, the posterior 
part of the convex surface of the liver, in which the cyst is contained, 
appears in the bottom of the wound. Frequently the liver or the tumor 














Fig. 7.—Arce’s laparotomy incision. 


has become adherent to the under surface of the diaphragm in such a 
‘ashion that edges of the diaphragmatic incision cannot be “herniated.” 
lf this is the case, the surgeon should not hesitate to carry the wall 
muscles to the diaphragm so as to make the aforementioned suture 
ior the protection of the pleural cavity. 


5. Arce’s Laparotomy: Since I made it known in 1918, I use my 
wn incision, called in Argentina Arce’s gridiron transverse laparotomy, 
‘or all surgical conditions of the biliary system and for those of the right 
lobe of the liver (hydatid cysts included). This incision is the applica- 
tion in the upper part of the abdomen of McBurney’s gridiron incision 
for appendicitis. It is carried out in four stages: 


(a) Starting on the costal. margin at the level of the anterior end 
of the tenth rib, a horizontal incision of the skin and subcutaneous tissue 
is made, which ends at the midline (fig. 7). Often, particularly in 
women, it is carried out along a neighboring crease. 
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(6) Another horizontal incision is made which on its inne I 
opens the anterior wall of the sheath of the rectus abdominis my 


IScié, 


ralf 
while the outer may have an upward direction in order to dissociate 
the muscular fibers of the external oblique muscle (fig. 7). 

(c) An incision is made downward and outward for the separation 
of the fibers of the internal oblique muscle. These fibers start on the 
lateral border of the sheath of the rectus abdominis muscle and d 
in an outward direction (fig. 8 A). 


escend 














Fig. 8—Technic of Arce’s laparotomy. See text for explanation. 


(d) A horizontal incision is made which will dissociate the fibers 
of the transverse abdominis muscle and at the same time open the 
peritoneum (fig. 8B). The rectus muscle is either set aside (fig. 8 
or cut transversely (fig. 8C). Its section is no obstacle to the forma- 
tion of a good postoperative scar, nor does it favor the ulterior formatior 


Dp 
D} 


of a hernia. 

Once the abdomen has been opened, the right upper quadrant of the 
abdominal cavity (infrahepatic fossa) is exposed. The surgeon cam 
then reach easily nearly any cyst with an abdominal evolution, par- 
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ticularly if it comes from the right lobe (which it most often does) and 
can treat it accordingly. 

6. Transverse Laparotomy of the Flank, or Low Transverse Lapa- 
rotomy: A horizontal incision is made, starting on the right twelfth rib 
and ending inside and in front on the mamillary line. This is followed 
by incision of the fibers of the external oblique muscle and of the internal 
oblique muscle, which run in the opposite direction to those of the 
external oblique muscle. 

Dissociation of the fibers of the transversus abdominis muscle and 
opening of the peritoneum are then carried out. 

This laparotomy facilitates the exploration of: (a) the kidney; (b) 
the posteroinferior portion of the right lobe of the liver; (c) the space 
between the ascending colon and the lateral wall of the abdomen, and 
finally (d) the ascending colon itself. Through this incision a postero- 
inferior cyst of the liver with a lumbar evolution is within easy reach. 
If necessary the incision may be extended backward, either by resecting 
the twelfth rib or by going a bit lower without touching it, thus enabling 
the surgeon to approach the renal fossa. It is therefore most useful in 
cases in which there is difficulty in differentiating between tumor or 
cyst of the liver and a similar growth arising from the kidney. 

It is always advisable to make the operative wound in the tumor’s 
salient on the skin, and in order to make this point more evident I 
resort to the “liver position” used in midline laparotomies as well as in 
transverse and gridiron incisions. This position is obtained by “break- 
ing” the operative table at the level of the liver so as to provoke an 
exaggerated artificial lordosis. The operative table is first placed in 
an oblique position, opposite to that of Trendelenburg (head up, feet 
down), and then only the upper section of the table (the one where the 
head and thorax are lying) is lowered; thus the upper part of the 
abdominal, epigastric and hypochondriac regions are directly exposed. 


Treatment of the Cyst—Once the surgeon is in contact with the 
cyst, it can be treated in any of four different ways: (a) removal of the 
parasite followed by suture of the adventitia without drainage; (0) 
removal of the parasite followed by marsupialization and drainage of 
the adventitia; (c) removal of the parasite without suturing or draining 
the adventitia, and (d) total removal of the cyst. 


For the first three alternatives several procedures must be previously 
carried out. 


1. Protection of the Operative Field: The abdominal cavity or the 
raw surface of the operative wound may become infected by daughter 
vesicles or scolices if they come into contact with cystic contents in 
which the parasite is alive. This actually takes place when the adventitia 
is incised, and the infection occurs through graft of the cystic contents. 
If the echinococcus is dead and the cyst has turned septic, the peritoneum 
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and the operative wound become infected by the germs present in the 
septic contents. It follows that in either case it is of the utmost impor- 
tance to carry out a detailed protection of these two structures, so as 
to avoid their coming into contact with the parasite when the cyst js 
emptied. 

Gauze towels surrounding the tumor constitute the best means of 
protection. One end is left outside the wound; so the same towels that 
isolate the cyst from the peritoneal neighborhood protect the raw surface 
of the wound as they emerge from the abdomen. 


2. Puncture of the Cyst and Evacuation of the Parasite: Through 
the adventitia the cavity of the cyst is reached by means of a large 
trocar, which may or may not be attached to a suction apparatus. | 
use both the large trocar and the suction device. If the latter is in 
good working order and the trocar is of the right size (0.01 to 0.025 
mm., according to the size of the cyst), the entire contents—fluid, mem- 
brane and daughter vesicles, if any—pass through the trocar into a 
large flask of 10 liter capacity. A vacuum of % to % atmosphere has 
been created in this flask, which can be controlled by an ordinary 
metallic manometer attached to it. Sometimes, either because the 
suction device is not working properly or because the trocar becomes 
stopped, it is necessary to withdraw the latter and remove the obstruction 
and then, either with the same trocar or a new one with no mandrel but 
with a blunt end shaped like a spoon, evacuate the rest of the cyst’s con- 
tents. The suction power should not be increased lest bile appear through 
the small bile ducts opening on the inner aspect of the adventitia or 
merely separated from the cystic cavity by a very thin wall. 

3. Cleansing of the Cystic Cavity: Once the evacuation stage has 
come to an end, the trocar is set aside and the puncture is enlarged 
with a scalpel. This step will allow the speculum maneuver (Arce) 
and the appropriate cleansing of the inner surface of the adventitia. 
The latter is carried out through a vaginal speculum introduced into the 
cystic cavity. The valves of this instrument are opened, and by moving 
it sideways the entire cavity and the adventitial wall can be easil) 
visualized. 

The remaining fluid, membranes, daughter vesicles, etc., are removed 
with gauze towels held by large clamps which, according to circum- 
stances, have straight or curved branches. This cleansing of the 
adventitial wall should be carried out with the utmost care, so as to 
leave the cavity absolutely clean, but at the same time very gently, so 
as to avoid any damage. It should be remembered that the membrane 
is in some sections composed only of the thin walls of small bile ducts. 
Often the gauze towels are withdrawn tinted with bile. 

4. Previous Formaldehyde Treatment: In spite of the carefully 
protected operative field and the suction, it is impossible to prevent 
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some fertile elements of the parasite coming into contact with some 
structures or remaining attached to the adventitia. It must be remem- 
bered that these elements (proliferous vesicles, scolices, etc.), if condi- 
tions are favorable, can become grafted on any tissue and reproduce a 
hydatid cyst. 

In order to avoid this, Dévé suggested replacing the hydatid fluid 
with a 2 per cent concentration of the standard (40 per cent) solution 
of formaldehyde in water; provided it is left for at least five minutes 
in contact with the fertile parasitic elements, this solution will “fix” 
and kill them. After five minutes the formaldehyde solution and the 
cystic contents are withdrawn prior to the proper cleansing of the cavity. 

This procedure with solution of formaldehyde is performed as 
follows: The cystic fluid is removed through a puncture made on the 
cyst with a trocar attached to a rubber tube. Through a funnel on 
the other end of the rubber tube the solution of formaldehyde is intro- 
duced in an amount equal to that of the fluid removed. A double 
stream trocar permitting the washing of the cavity with this solution 
can also be used to advantage. 

5. Treatment of the Adventitia: When the parasite has been 
removed, one proceeds to deal with the adventitial pouch. 

If the cyst is not septic, I use Posadas’ procedure, i. e., suture with- 
out drainage of both the adventitia and the cutaneous incision. Some 
surgeons, using the same stitches which close the adventitia, attach the 
latter to the incision of the abdominal wall. The reason for this is to 
facilitate the reopening of the pouch if perchance any complication 
appears in it (for instance, infection, leakage of bile or hemorrhage). 

The presence of small bile ducts open in the adventitial pouch is no 
obstacle to closure of the pouch without drainage. But if a fair amount 
of bile is present it is advisable to resort instead to marsupialization. 

If the cyst is septic it must be evacuated and drained. This is 
achieved through marsupialization of the pouch, i. e., suturing the edges 
of the incision of the adventitia to the peritoneum and the deep aponeu- 
rotic layer of the abdominal incision. Neither the abdominal superficial 
layers nor the skin should be used for marsupialization, as this would 
probably cause postoperative hernia as well as large and ugly scars. 

Marsupialization should also be carried out in the case of a cyst 
open in the biliary tract or in the bronchi. 

Lastly, marsupialization and drainage are indicated : 

1. For a cyst in the process of regression, with which one fre- 
quently finds either calcification of the adventitia or gelatinous degen- 
eration of the parasitic membranes. 


2. For a cyst containing little or no fluid but full of membranes. 


3. For a cyst full of daughter vesicles, which in some cases are so 
numerous that they fill the entire adventitial pouch. 





984 ARCHIVES OF SURGERY 


4. In any case in which the surgeon is not sure of having evacuated 
the whole of the adventitial contents. 

Once the hepatic wound has been sutured to that of the abdominal 
wall, one or more tubes of a size in accordance with the depth of the 
adventitial pouch are introduced therein. 

The surgeon should exercise great care in cleansing the pouch and 
the wound, even if he is leaving a drain. Drainage is carried out onh 
with the purpose of waiting for the organic reactions which will give 
rise to cicatrization of the adventitial pouch and the abdominal wound 
by second intention. The object of drainage is not to leave a way 
open for the exit of the parasite; the echinococcus should be evacuated 
during the operation. It is therefore important to use suction, the 
speculum and any other device which will insure total evacuation of 
the adventitial pouch during the operation. 

If the edges of the adventitial incision cannot be brought into con- 
tact with those of the incision in the abdominal wall, as sometimes 
happens, it is necessary to resort to indirect marsupialization. This is 
done without sutures and by means of one or more rubber tubes which 
reach the bottom of the adventitial pouch. Between the hepatic incision 
and the operative wound these tubes are protected by gauze in order 
to favor the formation of adhesions, the isolation of the tube and the 
creation of an extraperitoneal tunnel between the pouch and the skin. 

The postoperative course of a marsupialized cyst should be followed 
closely. External dressings should be changed as often as is deemed 
necessary for the avoidance of irritation of the skin, which is frequent 
in cases in which bile is discharged, and of secondary infection. The 
rubber tubes may be changed but should not be removed altogether 
until there is certainty that the adventitial pouch has disappeared and 
only a communicating tunnel remains. 

In cases of calcification or partial necrosis of the adventitia the 
fistula persists for months and even years, until the calcified or necrotic 
zones have been totally eliminated. 

In cases of multiple abdominal cysts with pouches which once 
evacuated could be closed without drainage but which are situated at 
a certain distance from the abdominal wall and therefore offer difficulties 
to the operation as previously described, it is advisable to follow Mabit’s 
technic. Mabit, a French surgeon, who lived for many years in Argen- 
tina, advocated leaving one or more pouches without closure or drainage. 
He stated that the cicatrization of these cysts left open inside the 
abdomen will be met by a reactional defense of the body, but he insisted 
that it should bé carried out only when there is no other alternative 
and when the cysts are small and not infected. 

6. Total Removal of the Cyst: There are cases in which a hydatid 


cyst has become pedunculated and remain attached to the liver only by 
a thin fibrous or parenchymatous stalk. Such a cyst can be totally 
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removed, the adventitia included, as if it were a benign tumor. The 
came applies to a type of emerging cyst which, though sessile, is scarcely 
included in the liver, its position favoring total removal at the expense of 
removal of a small portion of the liver. This type of cyst is exceptional. 


CYST WITH CALCIFIED ADVENTITIA 


A cyst with total or partial calcification of the adventitia is observed 
from time to time; preoperative roentgen examination will allow the 
surgeon to establish the diagnosis. If the calcification is partial or small 














Fig. 9.—Calcified cyst before operation. 
the cyst should be treated as if the process did not exist, but if it is 
total or almost total—as I have observed in some cases (fig. 9)—the 
treatment differs. 


A marsupialized calcified adventitia means postoperative treatment 
ior months and even years, i.e., until the calcified zones are totally 
eliminated and the wound has completely healed. The resulting long- 
standing fistula represents the possibility of the patient becoming weak, 
susceptible to other diseases (tuberculosis) and liable to undergo degen- 
erative processes (amyloid degeneration), all of which may endanger 
his life, 
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Thus the surgeon, if the process of calcification is total o: almost 
total, has three paths to follow: (1) not to operate if the Cyst is not 
causing the patient major inconvenience; (2) to marsupialize the 
adventitia and expose the patient to the aforementioned risks, and (3) 
to enucleate the entire tumor. I shall refer only to the last-mentioned 
procedure. 

A calcified cyst is usually less adherent to the surrounding hepatic 
tissue than is an ordinary cyst. In view of this fact and of the fact 
that the calcified adventitia offers enough resistance to the surgeon's 
finger, a blunt instrument or a curved periosteotome, the cyst can be 
isolated from the liver. If the hydatid tumor is situated in the periphery 
of the liver, the blood vessels and bile ducts that the surgeon meets 
when about to remove the cyst are few and small; so the cyst can be 
isolated and removed in a few minutes. In short, the total enucleation 
ot a hydatid cyst of the liver with totally or almost totally calcified 
adventitia can be tried out when the cyst is not large and is not situated 
at too great a distance from the periphery of the gland. 

Once the cyst has been removed, the surgeon is faced with a diffuse 
and sometimes abundant hemorrhage in the place formerly occupied by 
the tumor. This will be stopped by means of gauze swabs previously 
soaked in hot saline solution, and if this is not sufficient the cavity 
should be packed with a large gauze towel with the ends protruding 
through the cutaneous incision. This packing can be slowly removed, 
starting on the sixth day after the operation, or it can be left in situ, onl) 
the external dressing being changed. After the tenth or the twelfth day 
it can be easily extracted, owing to the fact that the blood serum has 
soaked it and made it loose. If there is no further hemorrhage a loose 
packing may take its place, but if blood continues to appear through the 
wound—a very rare occurrence—the cavity should once more be tightly 
plugged. 

This enucleation of a small peripheral cyst with calcified adventitia 
bears no relation whatever to the partial hepatectomy and total removal 
of any hydatid cyst advocated by some Russian surgeons. This pro- 
cedure, in my opinion and according to my experience, is unthinkable. 


HYDATID CYST OPEN IN THE BILIARY SYSTEM 


In its eccentric growth a cyst of the liver may sometimes come into 
contact with the secondary biliary duct to such an extent that the para- 
sitic membrane, through a process of slow corrosion of the duct wall, 
can replace the latter in a small zone. As a result of a trauma or a 
biliary infection, a rupture of this membrane may occur. This causes 
the contents of the cyst to pass into the biliary system and give rise 
to a hepatic colic or to obstruction of the bile duct by daughter vessels, 
fragments of membranes, etc. 
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Whether infected or not, such a cyst must be marsupialized after 
areiul cleansing of the adventitial pouch. Once the cause of these com- 
olications has been removed, there are two different possibilities to bear 
n mind, i.e., whether the disturbances disappear or persist. In the 
drst instance disinfection of the biliary tree and duodenal intubation may 
he tried in order to insure a definite cure of the complication. Surgical 
intervention is positively uncalled for, and the surgeon’s endeavors 
should be directed only to the healing of the adventitial pouch. But if 
the obstruction of the bile duct shows no signs of disappearing in spite 
; medical treatment and duodenal intubation, a choledochotomy with 
lrainage may prove advantageous. The object of this operation is to 
‘ree the bile duct from the obstructing parasitic elements and to drain 
the biliary system by means of a rubber tube left in the duct. 

Still another set of circumstances may be observed. An obstruction 
i the bile duct by a hydatid cyst may be diagnosed through the presence 
i daughter vesicles or fragments of membranes in the stools (hydatid- 
enteric), but the surgeon may be unable to localize the position of the 
cyst, which in these circumstances is usually central. Under such cir- 
cumstances the surgeon should not hesitate to open, free and drain the 
hile duct. Through this incision he will be able to explore the liver 
ind localize the cyst. If he finds it and surgical circumstances permit, 
the tumor must be opened, evacuated and drained, but if conditions are 
unfavorable the removal of the cyst should be left for a second operation. 


If the cyst cannot be localized and the patient has fully recovered 
irom the operation, the choledochotomy will allow the injection of 
iodized poppyseed oil into the biliary tree. The substance will reach the 
cavity of the cyst, and a roentgenogram taken immediately afterward 
may show some signs which would permit its localization. 


HYDATID CYST OPEN IN THE BRONCHUS 

The adventitia of a septic hydatid cyst of the liver with a thoracic 
evolution may become adherent to the diaphragm and through this 
muscle to the inferior lobe of the right lung. A true pleuroperitoneal 
symphysis is thus created, which will not allow the cyst to open into 
either of these serous membranes. This process is the origin of hepati- 
zation of the lung and the subsequent suppuration of the inferior lobe, 
into whose large and medium-sized bronchi the contents of the cyst find 
their way. Once this process has opened into the lumen of a bronchus, 
i characteristic vomica of membranes, bile, etc., takes place. The spon- 
taneous opening shows no signs of healing, and the condition of the 
patient rapidly deteriorates. The sole remedy for this complication is 
to operate; once the cyst has been localized, the adventitial pouch should 
be marsupialized after careful evacuation of its contents. The patient 


soon improves after this surgical intervention, and total healing follows 
eventually. 





PROGRESSIVE POSTOPERATIVE GANGRENE 
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Progressive postoperative gangrene of the skin is a rare disease which 
has been recognized as a clinical entity within comparatively recent 
times. Surgeons are indebted to Meleney for defining its characteristics 
and bacteriologic aspects. In Great Britain, Stewart-Wallace summed 
up the subject in 1935. Since publication of his paper, in which he 
recorded 37 cases collected in the period from 1908 to 1935, the con- 
dition has been reported about 40 times. It is still uncommon, for few 
surgeons have observed cases personally, and it is doubtful whether it 
is widely known, although it is now described in some textbooks (Dodd; 
Rose and Carless). 


This paper reports the cases of 2 patients under the care of one of 


us (J. W. H.). Strangely enough, these patients were treated coinci- 
dentally and were the first ones with this condition seen in an active 
surgical experience of thirty years. A new feature in the case of | of 
them is that the gangrene occurred after a suprapubic prostatectomy. 
This is the only such instance so far reported. 


REPORT OF CASES 


Case 1.—Mrs. F. B. was admitted to the hospital on April 26, 1939, for acute 
abdominal pain. Operation (J. W. H.) was performed on the same day, with a mid- 
line incision. A gangrenous appendix was removed, and pus in the pelvic cavity 
was drained. The patient’s condition improved, but the wound continued to 
discharge pus freely. On May 17 a gridiron incision was made over the cavity. Pus 
was evacuated. Tube drainage was used, the central tube being left in. A fecal 
fistula developed. During the next three months the edge of the wound, which was 
dirty and unhealthy looking, was treated with eusol1! packs. From this time 


Because of the difficulties of transatlantic transportation, at the suggestion of 
the Editorial Board papers from European countries are being published without 
waiting for return of the authors’ proofs. 

*The degrees of the authors were not listed after their names when the 
manuscript was received. In the sources available in the headquarters office 
Dr. Geiser’s degrees could not be found. 


1. Eusol is a solution prepared by adding 12.5 Gm. of chlorinated lime and 
12.5 Gm. of boric acid to 1 liter of water. 
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A, postoperative gangrene of the skin after suprapubic prostatectomy and 


iter guttering of the skin with the diathermy beyond the margin of the wound. 
_ gangrenous abdomen after acute perforative appendicitis with drainage. Note 


the prolapsed cecum. 
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award, the edge of the wound gradually became gangrenous, the gangrene extend- 
ng outward in all directions. From time to time the gangrenous edges were 
xcised, which caused much pain and tenderness. The patient experienced little 
iscomfort as long as the dressings were not disturbed. 

The pus on culture yielded a mixed gfowth of Bacillus coli and staphylococci. 
here were no actinomycetes. Organisms observed later were gram-negative 

liform bacilli and gram-positive cocci. On culture a mixed growth of Bacillus 
oroteus, staphylococci and Streptococcus longus was obtained. Autogenous 
vaccines were given but had no effect. The red blood cell count was 2,860,000 
ind the white blood cell count 12,000 per cubic millimeter. The value for 
emoglobin ranged between 46 and 56 per cent. 

The gangrene gradually spread until it occupied an area practically covering 
the right half of the abdomen and, to a lesser degree, the abdominal muscles. 
The fecal fistula persisted, and about 4 inches (10 cm.) of the bowel projected 
utside the surface. 

The wound was dressed at varying intervals with hydrogen peroxide, eusol,} 
.criflavine, mercury biniodide, dettol2 and red lotion. None of these had any 
effect. 

Finally, with the cautery an incision was made 3% inch (1.9 cm.) outside the 
sangrenous edges through the whole skin of part of the area, and the gutters 
thus made were swabbed with pure phenol. A dressing of 5 per cent zinc 
peroxide paste was applied. 

Up to within three weeks of death the general condition of the patient was 
surprisingly good; then she became exhausted and died. (Two blood transfusions 
were performed ; the first caused improvement, and the second produced anaphylaxis 
alter about 4 ounces [120 cc.] of blood had been given.) 


Case 2—Mr. C. H. B. was admitted to the hospital on July 10, 1939 for 
acute retention of urine due to an enlarged prostate. Suprapubic cystostomy was 
performed. On July 24 the value for blood urea was 26.5 mg. per hundred cubic 
centimeters. The urea concentration test yielded values as follows: before admin- 
istration of urea, 0.5 per cent; after administration, 0.8 per cent. 

The patient’s condition was good, and prostatectomy was performed. Opera- 
tion was a little difficult, as a number of small fibrous areas were encountered. 
\n intravenous injection of 5 per cent dextrose in physiologic solution of sodium 
chloride was given. On July 28 his condition was much improved. On August 2 
the upper portion of the cutaneous wound looked unhealthy ; the edges were slightly 
discolored. Signs of postoperative gangrene developed on August 8. The edges 
of the wound were tender and painful. Various antiseptic dressings were used. 

On August 18 a swab from the wound yielded pus, which on culture produced 
B. coli and Str. longus. On August 20 the tissue showed large numbers of coli- 
form bacilli and short chain streptococci. Culture yielded a heavy growth of 
B. coli and a small growth of Str. longus. 

On August 21 the urine had a specific gravity of 1.025 and was alkaline, with 
a trace of albumin. Culture yielded a heavy growth of B. coli and B. proteus. 

On August 27 the bladder was septic and edema of the penis developed. The 
bladder was washed out daily, but a urethral abscess developed. Incision of the 
whole skin around the wound was performed with diathermy, and the gutter 


2. Dettol is a proprietary antiseptic derived from a coal tar product. 


3. Red lotion is a solution of zinc sulfate in diluted compound tincture of 
1 
lavender, 
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was swabbed with pure phenol and packed with 5 per cent zinc peroxide paste 
on cotton gauze tucked under the edges and over the gutter. Rapid improvement 
took place, so that the gangrenous edges completely disappeared and healthy 
granulations of the cutaneous edges followed. Unfortunately left hemiplegia 
developed, probably from an embolus # the patient became weaker: 


basal pneu- 
monia supervened, and he died on September 13. 


Comment.—The operator (J. W. H.) had not previously observed a 
case of this kind in thirty years’ experience. In comparing cases | and 
2 it is obvious that with Mrs. B. (case 1) much valuable time was lost 
in failing to carry out the treatment by incision, which in the case oj 
Mr. B. (case 2) proved successful. 

Consultation with a colleague (H. D.) led the operator to adopt 
the cautery method of incision. The organisms found in the 2 cases 
appeared to be identical. 

It would seem that the moment such a condition occurs drastic 
surgical treatment must be undertaken to prevent spread, in much the 
same way as amputation is done for other forms of gangrene in limbs. 
That antiseptic dressings have no effect and that only zinc peroxide 
is of any use must obviously mislead those surgeons who, like the present 
operator, have been accustomed to adopt the usual methods of treatment 
of such conditions. 

Exactly what causes this type of gangrene seems impossible to say. 
Every possible channel of infection by all the known methods was 
explored: the theater, the instruments, the catgut and the theater staff. 
The throats of the operator, two house surgeons and the nurses were 
examined bacteriologically, and a streptococcus was found in four nurses 
and two house surgeons. 

Case 3 is presented by permission of Mr. Henry R. Thompson, 
F.R.C.S., who was responsible for the successful treatment of the patient 


Case 3.—F. H., aged 67, was admitted to the hospital with a diagnosis of 
acute intestinal obstruction from a carcinoma of the rectum, 15 cm. from the anus 

On Dec. 16, 1939, laparotomy and left inguinal colostomy were performed. A 
catheter was inserted into the colostomy stoma, but this was pulled out on the 
way back to the ward. One hour later the wounds were soaked with liquid feces. 

On December 23 there was a large subcutaneous abscess in the upper part 
of the paramedian wound. On December 31 there was edema of the ankles and 
legs. By Jan. 7, 1940, this had subsided. On January 13 perineoabdominal excision 
of the rectum was done. The anterior wall of the rectum was opened but 
immediately sutured. The growth was perforated. Fat was sutured over it. A 
leit paramedian incision was made for the abdominal portion. The colostomy 
wound was excised and the lower part of the bowel removed. Both wounds 
were drained. The skin of the paramedian wound was closed with tension buttons 
and that of the colostomy wound with silkworm gut sutures. 

On January 19 the patient was incontinent of urine. On January 20 an 
abscess with foul pus from the paramedian wound was drained. On January 27 
urine was obtained from the perineal wound, and a fistula into the bladder was 
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jemonstrated by injection of indigo carmine. On February 10 (thirty days after 
the operation) a slough of the paramedian wound was first noticed. It was very 
painful. By February 13 the slough had spread circularly and was greenish 
a with raised mauve edges, passing to a surrounding area of bright red skin. 
On February 14 it was treated by diathermy and excision of the gangrenous tissue, 
¥, inch (1.9 cm.) from the affected part. On February 18 the bladder was drained 
by catheter. On February 20 a pathologic report read as follows: “Direct films 
revealed degenerate pus cells, necrotic debris, staphylococci, streptococci and 
eram-negative bacilli. No spore-forming organisms and diphtheroid bacilli were 
seen. Aerobic cultures revealed staphylococci, short chain streptococci and occa- 
sional gram-negative bacilli. Anaerobic cultures revealed streptococci of two 
varieties, fine and coarse, and various gram-negative bacillary forms.” 

On February 23 a Thiersch skin graft was applied to the affected raw area, 
which was granulating «steadily. On February 27 the skin graft was satisfactory. 
Urine was still obtainable from the perineal wound. 

On March 3 a report on the gangrenous specimen of skin read as follows: 
“The appearance is that of a fragment of gangrenous tissue in which with 
Gram’s stain short chain streptococci can be seen. Peripherally, numerous areas 
showing purulent infiltration are present. In parts of the specimen fragmentation 
and degeneration of muscle fibers are evident.” 

On March 21 the perineal wound was still wet; otherwise the patient was 
well. On March 28 a portion of the rectus muscle, removed at an operation 
one hour previously, was applied to the vesical fistula, On March 30 the muscle 
graft was removed; it was firmly adherent. 

On April 5 the perineal wound was dry. On April 17 the patient was dis- 
charged home, well. 

REVIEW OF LITERATURE 


We have collected the cases of postoperative gangrene of the skin 
from the British, American and Scandinavian literature, and some from 
the French and German literature, since 1935. 

We have also examined the 37 cases cited by Stewart-Wallace. 
The number of cases collected is 87. From these we have attempted to 
extract the principal points. 


Classification——The cases can be broadly divided into two classes. 
The first and largest (table 1) includes those in which gangrene occurred 
after operations on abdominal and thoracic viscera; the other group 
(table 2) contains those in which the disease followed minor parietal 
lesions. 

The latter contains cases of conditions which do not fully conform 
to the title of the disease and may not be true examples of it, as they 
were not all progressive, were not confined to the skin and were not 
all postoperative. 

In the cases represented in table 3, the predominance of the gan- 
grenous appendix and of empyema was outstanding. 

In contrast to the previous group, which followed lesions of the 
viscera, mainly the abdominal viscera, the conditions due to parietal 
lesions were superficial (table 4). 
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It will be noticed (tables 3 and 4) that all the conditions, whether 
due to parietal or to visceral lesions, with two exceptions (those due 
respectively to herniotomy and to sympathectomy) were primarily due 
to infection. 

The visceral lesions exceed the parietal in the ratio of 4 to 1. 

Prevalence of Male Patients: Table 5 reveals the striking pre- 
dominance of male over female patients, the proportion being 12 to 5. 
Further analysis shows that the parietal lesions were distributed equally 
between the two sexes (8 to 8). Visceral conditions occurred more 
frequently in male patients (3 to 1 [53 to 17]). The cause of this is 
speculative. We hazard the suggestion that it is due to the skin of the 
male trunk being thicker, coarser and more hairy than that of the female. 
Thus, staphylococci are inevitably in the hair follicles, and the introduc- 
tion of virulent streptococci into the skin with a needle gives the condi- 
tion which Meleney mentioned as requisite for the development of the 
gangrene, that is, simultaneous inoculation with staphylococci and 
streptococci. 

Age Incidence —In determining the age groups 35 was taken as the 
datum line. In patients below the age of 35 the incidence of visceral 
and that of parietal lesions were about equal, being 9 and 8 respectively. 
In those above the age of 35 the ratio of visceral to parietal lesions rose 
steeply, to 8:1 (61:8). 

Sex Incidence.—Patients Under the Age of 35: Of a total of 9 
patients with visceral lesions 6 were males and 3 were females, and of 
the 8 patients with parietal lesions 2 were males and 6 were females. 

Patients Over the Age of 35: There were 61 patients with visceral 
lesions, 46 men and 14 women, and 8 patients with parietal lesions, 
6 men and 2 women. 


Etiology—The majority of the patients (69 of 86) were over 35. 
This indicates that progressive postoperative gangrene of the skin is 
associated with declining vitality. General debility may therefore be a 
significant etiologic factor. 

Stohr and Niederland expressed doubt whether organisms are the 
sole cause of the condition. Brandberg also questioned whether a 
symbiosis of staphylococci and streptococci as described by Meleney is 
sufficient to cause gangrene of the skin, and he suggested that the cause 
is a deficient power of reaction on the part of the patient to the long- 
standing infection. Lynn also noted the low state of general health as 
significant. 

Time of Onset.—The time of onset of the gangrene after the opera- 
tion was reported in 61 cases and was generally within three weeks. 

Of 62 cases the onset in 25 occurred in the first week, in 18 in the 
second and in 11 in the third. 
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Bacteriologic Picture —The standard of bacteriologic detail is vari- 
able; therefore, no attempt has been made to produce figures relative 
to Meleney’s theory that the condition is due to a symbiosis of a micro- 
aerophilic streptococcus and a nonspecific staphylococcus. 


TasBLe 3.—Data on Visceral Lesions 








Total Number 


of Patients Male Female 
. Appendectomy 


(a) For gangrenous appendicitis, perforating 
appendicitis or abscess of appendix....... 

(b) For simple (acute) appendicitis 

Empyema 

. Cholecystectomy 

Subphrenie abscess 

Perforated gastric ulcer 

. Perforated duodenal ulcer 

. Herniotomy 

. Acute intestinal obstruction 

. Cecostomy 

. Suprapubic prostatectomy 

. Inflammatory process in pelvis 

. Cold abdominal abscess 

. Swelling of scrotum 


a w8 


© I orm GoPo 


| swore wee eeoeh owner 
bor DO CO WO 


mS 03:3 





TaBLe 4.—Data on Parietal Lesions 








Total 
Patients Male Female 


a: I GEUNOD, 0 dddcctnecewcdudessces soukunene beeeeeeeniael 
Mastitis 


Abscess in groin 

Abscess on shin bone 
Umbilical abscess 
Varicose ulcer 

. Sympathectomy on thigh 
Furuncle on lower limb 

. Infection on hand 

. Pustule on thigh 


1 
2. 
8. 
4. 
5. 
6. 
8 
9. 
0 
1 


— 
~ ‘ 
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Taste 5.—Sex of Patients 








Total Visceral Parietal 


61 53 8 
Female..... 25 17 8 


Not reported 1 


87 7 16 





In 9 cases of visceral and 2 cases of parietal lesions the bacteriologic 
data were not given. 

There appear to be two types of infection: (a@) mixed and (0b) single. 

All of the parietal lesions except a mammary abscess were caused 
by mixed infection. In this abscess Staphylococcus aureus was found. 
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Parietal Mixed Infection: The table of cases reveals the varied 
combinations of organisms found. The predominant germ was some 
form of streptococcus—a hemolytic streptococcus, Streptococcus viri- 
dans, an anaerobic streptococcus or an aerobic streptococcus. 

Staphylococci, mainly Staph. aureus, were equally frequent, which 
tends to confirm Meleney’s conclusion. 

Visceral Mixed Infection: Some form of streptococcus was a con- 
sistent feature in almost every case in which the lesions were visceral. 
Staphylococci were as frequent. Superimposed on these were the 
intestinal organisms, such as B. coli, B. proteus (5 times), amebas (once), 
diphtheroid bacilli (6 times) and pneumococci (once). Diphtheroid 
bacilli and pneumococci were not confined to empyema but were present 
in some acutely diseased appendixes and in a perforated gastric ulcer. 
Bacillus pyocyaneus appeared twice. 

Diagnosis ——The characteristic features of progressive postoperative 
gangrene of the skin as described in the literature and observed by 
us are: 

1. Steady progressive destruction of the skin and subcutaneous tissue, 
but not of the muscles, fascia or deeper structures. It usually begins 
in the stitch holes and progresses until the entire trunk is denuded of 
skin unless death or suitable treatment intervenes. 

2. Great pain in the gangrenous edges of the wound, with fair con- 
stitutional condition, although there is moderate variable pyrexia. 

3. The simultaneous occurrence of streptococcic and staphylococcic 
infection, 

4. The fact that all treatment, including administration of vaccines 
and serums, with the exception of the cautery, is useless. 

It is interesting that two writers (Philipowicz; Kappis) referred 
to the condition as hospital gangrene. In the experience of both the 
condition followed visceral lesions. Kappis experienced difficulty in 
differentiating between progressive and hospital gangrene. He used 
as his pathognomonic sign the fact that the former is not infective. 

Treatment.—Stewart-Wallace reported that excision of the area by 
the cautery or by guttering through surrounding healthy skin is the 
most dependable treatment. Progressive healing by granulation follows. 

This remedy has been generally applied in the cases reported since it 
has been applied either by thermocautery or by electrocautery, espe- 
cially in the successful cases. Of 22 fatal cases, the cautery was used 
in 8, while of 65 cases in which recovery occurred the wound was 
cauterized in 52. 

One case of spontaneous recovery has been reported (Wakeley and 
Willway). 
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Two other methods of treatment have emerged. These are (q) 
use of maggots and (b) excision by scalpel. 

Maggots: The introduction of maggots into the wound was reported 
by Coakley and Klein and by Holman in 1935. The former authors 
suceeded in clearing up with maggots a condition which had persisted in 
spite of electrosurgical excision. 

The maggots were introduced in counted numbers. They seemed 
to exercise themselves on the necrotic tissue. 

Holman tried this therapy in 3 cases. In 1 the maggots would not 
stay in the wound, and the patient died. (Rats leaving the sinking 
ship?) The patients in the other 2 cases recovered. 

Excision by Scalpel: Willard in 1936 published a case of gangrene 
following appendectomy in which the entire lower abdominal wall was 
involved and in which treatment was successful. He excised the area, 
the sloughs and the spreading edge in the skin with the scalpel, after- 
ward dressing it daily with a watery suspension of zinc peroxide. 


the 


Results —The results were reported in 85 cases and are numerically 
summarized in table 6. 


TABLE 6.—Results of Treatment 








Not 

Recovery Death Reported 
Total patients 63 22 2 

= 72.4% = 25.3% 
Visceral lesions 17 2 
= 23.9% 
PORES Mss 6 vc cc ccncunsscgesdesedenedscesvesoceth 11 5 
= 68.7% = 31.38% 





Time of Recovery.—Study of the duration of the illness emphasizes 
its chronicity. There were 2 quick recoveries (in one month) ; 5 patients 
were well in six weeks. Thirty-two patients took two to six months 
to improve. 


Recovery is still possible after the gangrene has existed six months, 
for 17 patients, 12 with visceral and 5 with parietal lesions, overcame 
infections of more than half a year’s duration. Four of the patients with 
gangrene following parietal lesions were well in three months. 

Time of Death After Onset——Analysis of the reports on the time of 
death after onset shows that more than half of the deaths (13 of 22) 
occurred from three to nine months after the onset ; 6 took place in three 
months, and 2, after more than nine months. 


Age at Deaths —There were 22 deaths in all. Three occurred among 


the 17 patients under 35 years of age. The remaining 19 occurred 
among the 69 patients 35 years of age and over. 
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The death rate for visceral lesions was 24.3 per cent, as compared 
with 31.2 per cent for parietal conditions. 

Of the patients who died from visceral lesions, 16 of 17 were over 
35 years of age, the mortality being 26.2 per cent. This is in contrast 
to the mortality observed in patients under 35, which was 11.1 per cent. 

Of the 16 patients in whom the disease followed parietal lesions, 8 
were under 35 years of age. This is in contrast to the data on patients 
with visceral lesions, among whom the proportion was 9 of 61. Among 
patients below 35, 2 died, and in the older group (8 patients), 3 died, 
totaling 5 of 16. 

SUMMARY AND CONCLUSIONS 

Three new cases of progressive postoperative gangrene of the skin 
are reported. 

The cases published since 1935 are abstracted. A table of all cases 
found in the literature is given. 

Certain clinical features of the disease are brought forward, including 
the general debility of the patients. 

Emphasis is laid on the need for early diagnosis. 

It is concluded that the best treatment is prompt excision of the edges 
of the wound with the cautery. 

Another successful remedy is the introduction of maggots into the 
wound as described by Holman. 


Skin grafting accelerates healing. 


Gerald Merton, M.A., Ph.D., supplied the color photographs. 
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METASTASIS OF PRIMARY CARCINOMA 
OF THE BREAST 


WITH SPECIAL REFERENCE TO SPLEEN, ADRENAL GLANDS 
AND OVARIES 


OTTO SAPHIR, M.D. 
AND 
MORRIS L. PARKER, M.D. 
CHICAGO 


The literature on the sites of metastasis of primary carcinomas of 
the breast consists of amazingly few specific contributions. Of course, 
all leading textbooks and comprehensive studies of tumors in general and 
of cancers of the breast in particular refer to the various locations of 
the metastatic deposits, but they either mention only the lymph nodes, 
lungs, liver and bones or refer to old, apparently out of date studies on 
this subject. Thus, Ewing? in 1940, in regard to sites of metastasis, 
cited Gross’s ? work on carcinoma of the breast, a study published in 
1888, when as a rule only macroscopic evidence of metastasis was 
available. There are reports of a few instances of what were thought 
to be unusual sites of metastasis, or one may find rarely a series of cases 
of carcinoma of the breast with metastases. Most often, however, either 
the latter are clinical reports without postmortem observations or it is 
not clear whether a postmortem examination was performed and, if so, 
whether the various organs were examined histologically. As a matter 
of fact, there is only one recent study available which specifically states 
that postmortem material was available and which lists the various organs 
involved by carcinoma primary in the breast. This is the study of 
Warren and Witham.® 


It was thus deemed advisable first to study the material available in 
the department of pathology of the Michael Reese Hospital with special 


Aided by a grant from the A. B. Kuppenheimer Fund. 

From the Departments of Pathology and Surgery of the Michael Reese 
Hospital. 

1. Ewing, J.: Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders 
Company, 1940. 

2. Gross, S. W.: A Clinical Study of Carcinoma of the Breast and Its Treat- 
ment, Am. J. M. Sc. 95:219, 1888. 

3. Warren, S., and Witham, E. M.: Studies on Tumor Metastasis: The 
Distribution of Metastasis in Cancer of the Breast, Surg., Gynec. & Obst. 57:81, 
1933 
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concern for the sites of metastasis of carcinoma of the breast. Though 
we realized that the material, comprising only 43 autopsies on patients 
with primary carcinoma of the breast, was rather scant, a study of this 
was considered worth while because it included a histologic examination 
of the various organs to determine whether they showed tumor involve- 
ment grossly and because the histories of the patients were available. 
Secondly, it was considered important to investigate, on the basis of 
a careful histologic examination, the aptitude for metastasizing of any 
one type of primary carcinoma of the breast. Also, because of the nature 
of the material at hand, the interval between operation (radical 
mastectomy) and death could easily be established, and it was thought 
that perhaps some information could be gathered thus concerning the 
prognosis as judged from the type and the histologic appearance of the 
tumor. Since in a few instances the clinical diagnosis was not made 
and the autopsy revealed the primary tumor and many metastases, the 
publication of these cases was considered important. 

After this material was compiled, it was found that the adrenal glands, 
ovaries and spleen were involved in a rather surprisingly large number 
of instances. Because of this it was considered interesting to compare 
our data with those in the various reports in the literature in regard to 
metastases in these three organs. In the following sections a short 
outline of the pertinent literature is given in respect to the location of 
metastases, with especial reference to metastases in the spleen, adrenal 
glands and ovaries. 

LITERATURE 


As has been stated, Ewing’ cited Gross’s work, done in 1888, on 
metastatic growths. Gross? reported 114 cases of carcinoma primary 
in the breast. The pleura was involved in 17; the lungs in 41; the 
ovaries in 3; the spleen in 5; the kidney in 5; the adrenal glands in 1; 
the liver in 42, and the bones in 18. In 423 collected autopsies the 
percentage of metastases from primary carcinoma of the breast in various 
organs was as follows: ovary, 8; spleen, 4.7; kidney, 5.7 ; adrenal glands, 
1.8; liver, 48.6, and bones, 20.5. 


Toérdk and Wittelshéfer * in 1880 reported 336 cases of cancer of 
the breast. The spleen was involved in 13, the ovaries in 26 and the 
adrenal glands in 6. Paget,® in 1889, studied 735 necropsies of patients 
with cancer of the breast. He found metastasis in the liver in 241 cases, 
in the spleen in 17, in the kidneys or adrenal glands in 30 and in the 


4. von Térék, G., and Wittelshéfer, R.: Zur Statistik des Mammacarcinoms, 
Arch. f. klin. Chir. 25:873, 1880. 


5. Paget, S.: The Distribution of Secondary Growths in Cancer of the Breast, 
Lancet 1:571, 1889. 
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lungs in 70. Williams® in 1894 found the ovaries and spleen each 
involved once, and the adrenals twice, among 44 carcinomas primary in 
the breast. Campiche and Lazarus-Barlow* in 1904 studied 470 cases. 
The spleen was involved 13 times, the adrenal glands 35 times and the 
ovaries 24 times. Handley *® in 1922 studied 53 instances. Among 
metastases in various organs, the liver was involved 45 times, the spleen 
twice, the ovaries 6 times, the pelvic peritoneum 3 times and the fallopian 
tubes and the perimetrium each once. In regard to ovarian metastasis 
he cited the statistics of the Middlesex Hospital, with 4.8 per cent of 
cases, and of Guy’s Hospital, with 8.6 per cent. 

\ number of individual reports appearing in the literature since 1920 
will be mentioned briefly. Sappington ° in 1922 reported a single case of 
metastasis to the spleen. Feist and Bauer ’® in 1922 referred to 53 
instances. From the description it is not clear whether autopsies were 
performed. Neither the spleen, the adrenal glands nor the ovaries were 
mentioned as sites of metastasis. Dial ** in 1930 reported an individual 
case in which there was metastasis to the spleen. He stressed the rarity 
of this occurrence. Leroux and Vermés** in 1931 described 3 cases 
of carcinoma of the breast. In all of these the ovaries were involved; 
the spleen was involved in 2 and the adrenal glands in 1. Crile ** in 
1931 stated that among 520 mammary carcinomas, metastasis to the 
ovary was found only once. The spleen was not mentioned. Moiroud * 
in 1932 described a patient in whom the first sign of a metastatic 


carcinoma of the ovary was an intraperitoneal hemorrhage. The primary 
carcinoma was in the breast. Essen-Mdller*® in 1933 reported 2 


6. Williams, W. R.: A Monograph on Diseases of the Breast, London, John 
sale & Sons, 1894. 

7. Campiche, P., and Lazarus-Barlow, W. S.: Malignant Diseases of the 
Breast: Statistical Study of the Records of the Middlesex Hospital, Arch. Middle- 
sex Hosp. 5:83, 1904. 

8. Handley, W. S.: Cancer of the Breast and Its Treatment, New York, 
Paul B. Hoeber, 1922. 

9. Sappington, S. W.: Carcinoma of the Spleen, J. A. M. A. 78:953 (April 1) 
1922, 

10. Feist, G. H., and Bauer, A. W.: Zur Statistik des Brustkrebses, Beitr. z. 
klin. Med. 125:636, 1922. 

11. Dial, D. E.: Metastatic Carcinoma in the Spleen, Am. J. Path. 6:79, 1930. 
12. Leroux, R., and Vermés, E.: Etude histologique de trois cas de cancer 
du sein généralisés, Bull. Assoc. franc. p. l’étude du cancer 20:136, 1931. 

. 13. Crile, G.: An Analysis of 1347 Cases of Malignant Tumors of the Breast, 
with Special Reference to Management and End-Results, Journal-Lancet 51:99, 1931. 

14. Moiroud, P.: Hémorrhagie intra-péritonéale; premier signe d’une double 
tumeur Ovarienne métastatique, Bull. Soc. d’obst. et de gynéc. 21:162, 1932. 

15. Essen-MOller, E.: Beobachtungen von Ovarialmetastasen nach Mamma- 
krebs, Acta path. et microbiol. Scandinav., 1933, supp. 16, p. 47. 





1006 ARCHIVES OF SURGERY 


instances of carcinoma of the breast with metastasis to the Ovary. He 
stressed that more metastases would be found in the ovaries if more 
sections were routinely taken. Scarpitti** in 1933 reported an instance 
of metastatic carcinomas in both ovaries, occurring five years after the 
primary tumor of the breast had been removed. Simon? in 1934 
referred to 1 instance, observed by him, in which metastatic carcinomas 
were found in both ovaries eight years after the patient had been operated 
on for scirrhous carcinoma of the breast. Warren ?* in 1936 reported a 
case in which there were diffuse metastases in the spleen, the adrenal 
glands and both ovaries. This case was published principally because 
of metastasis in the pineal body. McMenemey ® in 1937 described a 
solitary metastasis in the spleen. Foot and Moore *® in 1938 studied 
an epidermoid carcinoma of the breast with diffuse metastasis involving 
the spleen. Larson” in 1938 described an instance of metastases to 
both ovaries and the adrenal glands. Glomset *? in 1938 stated that of 
his 43 cancers of the breast, 25 showed metastasis to the adrenal glands. 
Beham ** in 1938, citing Shaw and Johnson, stated that metastasis 
developed in the ovaries in 10 per cent of patients with mammary cancer 
who came to autopsy. In regard to metastasis to the spleen, Beham 
stressed that this is very infrequent, occurring in about 2 per cent of the 
cases in which autopsy is done. However, he emphasized that statistical 
studies may not give absolutely accurate results, since the entire spleen 
is not examined microscopically. Held ** in 1939 reported 3 instances 


of carcinoma of the breast. In 1 metastases were found to the spleen 
and ovaries. Grams* in 1939 found microscopic intracapillary 
metastases to the spleen, ovaries and adrenal glands. In the two latter 


16. Scarpitti, C.: Il cancro ovarico metastatico a cancro del seno, Tumori 19: 
47, 1933. 


17. Simon, S.: Metastatisches Ovarialkarzinoma, Zentralbl. f. Gynak. 58:356, 
1934. 

18. Warren, S.: Studies on Tumor Metastasis: Metastasis to the Pineal 
Gland, Am. J. Cancer 28:713, 1936. 

19. McMenemey, W. H.: Solitary Metastasis in Spleen in Carcinoma Simplex 
of Right Breast with Extensive Local Spread, Lancet 1:691, 1937. 

20. Foot, N. C., and Moore, S. W.: A Fatal Case of Deep-Seated Epidermoid 
Carcinoma of the Breast with Widespread Metastases, Am. J. Cancer 34:226, 1938. 

21. Larson, C. P.: Carcinoma of the Breast with Krukenberg-Type Metastasis, 
West. J. Surg. 46:550, 1938. 

22. Glomset, D. A.: Incidence of Metastasis of Malignant Tumors to the 
Adrenals, Am. J. Cancer 32:57, 1938. 

23. Beham, R. J.: Cancer with Special Reference to Cancer of the Breast. 
St. Louis, C. V. Mosby Company, 1938. 

24. Held, E.: Metastases vaginales de cancer du Sein et de l’estomac, Rev. 
franc. de gynéc. et d’obst. 34:482, 1939. 

25. Grams, L. R.: Intracapillary Microscopic Metastatic Mammary Gland 
Carcinoma of the Lungs and Other Viscera, Arch. Path. 28:865 (Dec.) 1939. 


organ 
Shap! 
land: 

Pr 


and 


Co 
~ 


carcit 
involt 
Acco! 
f lov 
adrer 
T 
relati 
to th 
invol 
the r 
in th 
breas 
whil 
invo! 
freqn 
that 
clini 


sho 
and 
beca 
Inve 
was 
inv¢ 


be ¢ 
tabl 
whi 


24 
Th 





SAPHIR-PARKER—CARCINOMA OF BREAST 1007 


organs the tumor cells also spread into the parenchyma. Bolker and 
Shapiro *° in 1940 described an instance of metastasis to the adrenal 
glands and to many other organs. 


Perhaps the most careful study made recently was that of Warren 
and Witham® in 1933. These authors studied 162 tumors (160 
carcinomas and 2 sarcomas) of the breast. The adrenal glands were 
involved 50 times, the spleen 23 times and one or both ovaries 15 times. 
According to the frequency, the lungs were most commonly involved, 
followed by the liver, bones, regional lymph nodes, skin, pleura and 
adrenal glands, in that order. 


This brief review of the literature is interesting. Because of the 
relatively many reports of individual cases or of a few cases of metastases 
to the spleen or ovary on record, the impression may be gained that 
involvement of these organs is rare. It is also of interest to compare 
the reports of larger series of cases. Thus, Crile ** referred to metastasis 
in the ovary in a single instance among 510 cases of carcinoma of the 
breast and did not mention the occurrence of metastases in the spleen, 
while Warren and Witham * found that of 162 cases the ovaries were 
involved in 15 and the spleen in 23. Taylor ** remarked that the 
frequency of metastases of various kinds has received some attention but 
that the figures vary widely, depending on whether they derive from 
clinical or autopsy reports. 

RESULTS 


The results are summarized in table 1, which, among other items, 
shows the type of carcinoma, the interval between operation and death 
and the sites of metastases. It must be emphasized, however, that 
because of the limitations of autopsy permits nothing can be said about 
involvement of the brain, spinal cord and osseous system. The brain 
was examined only when there were clinical symptoms indicative of its 
involvement. As a rule, only those bones were examined which could 
be exposoed by the routine method of opening the body. 


The distribution of the metastatic lesions is quite evident from this 
table. Table 2 is included to summarize the findings. 


The most common location, as is seen from table 2, is the lungs, 
which were involved in 28 instances. Next came the liver, involved in 
24 instances. The next most common locations were rather surprising. 
These were the adrenal glands (19 instances) ; the spleen (10 instances) 
and the ovaries (7 instances). These figures when compared with those 


26. Bolker, H., and Shapiro, A. L.: Appendiceal Metastasis, New York State 
. Med. 40:219, 1940. 


27. Taylor, G. W.: Cancer of the Breast, Internat. Abstr. Surg. 55:1, 1932; 
in Surg., Gynec. & Obst., July 1932. 
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in the older publication of Paget ® (735 cases; spleen involved in 17. 
adrenal glands in 30, ovary apparently in none), of Williams * (44 cases: 
spleen involved in 1, adrenal glands in 2, ovary apparently in none) or 
of Gross * (114 cases; spleen involved in 5, adrenal gland in 1, ovary 
in 3) are exceptionally high. However, even in 1922 Handley * found 
that of 53 cases the spleen was involved in only 2 and the ovaries in 6: 
he did not mention the adrenal glands as locations of metastases. Earlier 
(1906) he ** listed the frequency of ovarian metastases as 5.6 per cent. 
As a matter of interest it must be pointed out that in the current relevant 


TasLe 2.—Frequency of Metastases in Various Organs and Structures 








Organs Involved Bones t 
3 Clavicle 
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Opposite breast 
Unusual Locations 
Spinal cord * Broad ligament 
Diaphragm 
Pericardium 
Pouch of Douglas 
Peritoneum Intestinal wall 
Gallbladder 
Lymph Nodes Superior vena cava 
Thyro 
Supraclavicular : Myocardium 
Infraclavicular , Gastrointestinal tract 
Mediastinal : 
Peritoneal Hypopharynx 
Retroperitoneal : Intercostal muscles 
Inguinal ‘ 





* The brain and spinal cord were examined only when there were clinical symptoms refer- 
able to their involvement. 


+t As a rule, only those bones were examined that could be made visible by the routine 
method of opening the body. 


textbooks, as a rule, only these older authorities are cited. Only the 
figures obtained by Warren and Witham * (1933) correspond somewhat 
to ours. In their series of 162 tumors (160 carcinomas and 2 sarcomas) 
the spleen was involved in 23 instances, the adrenals in 50 and the 
ovaries in 15. The figures may be expressed in percentage and compared 
with those in our series, thus: In Warren and Witham’s series the spleen 
was involved in 14.4 per cent of their cases, the adrenals in 31.25 per cent 
and the ovaries in 9.3 per cent, and in our series the spleen contained 
metastases in 23.3 per cent, the adrenals in 41.2 per cent, and the ovaries 
in 16.3 per cent. The percentages are used here only for comparison 
with the values obtained in Warren and Witham’s studies. We are well 


28. Handley, W. S.: Cancer of the Breast and Its Operative Treatment, 
London, J. Murray, 1906. 
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aware that figures expressed in percentage may give an erroneous con- 
ception if used for the relatively small number of cases on which this 
study 1s based. 














A, primary ductal carcinoma of the breast. Note the individual tumor cells 
within dense fibrous stroma (scirrhous carcinoma). Hematoxylin and eosin prepa- 
ration; X 110. B, metastasis to the spleen. Note the individual groups of tumor 
cells. Hematoxylin and eosin preparation; x 150. C, metastasis to the spleen. 
Note the few isolated tumor cells and groups of tumor cells. Iron hematoxylin 
and eosin preparation; x 110. D, metastasis of mucinous carcinoma to the adrenal 
gland (signet ring cell variety). Iron hematoxylin and eosin preparation; x 110. 
E, metastasis of carcinoma to the ovary. Note the corpus albicans at the right 
lower portion of the picture and the carcinoma cells in the left upper half. Iron 
hematoxylin and eosin preparation; x 110. 
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As far as the spleen is concerned, the high incidence of splenic 
metastases may perhaps have been due to the fact that in this series a 
careful histologic examination was made of all the organs. However. 
in only 3 instances was the tumor detected in the spleen solely on micro- 
scopic examination, and in the 7 other instances it was recognized 
grossly. In the latter the tumors either were seen in the form of several 
grayish yellow nodules varying in diameter from 0.2 to 1.6 cm. (6 cases) 
or manifested themselves as minute translucent areas, not exceeding 0.1 
or 0.2 cm. in diameter, scattered diffusely throughout the organ (1 case). 
Dial ** in 1930 reported a single case of carcinoma of the breast with 
metastasis to the spleen and stressed the rarity of its occurrence. The 
gross detection of carcinoma metastases in 7 of 10 cases compares with 
the findings of Warren and Davis, who recognized splenic metastases 
grossly in over half of their 46 cases of metastases to the spleen from 
various primary carcinomas. 

Sappington,® in discussing an instance of carcinoma of the breast 
with metastasis to the spleen, stated that carcinoma of the spleen 
secondary to cancer of the breast was present as part of generalized 
microscopic carcinomatosis. He further stated that the rarity of cancer 
of the spleen is genuine but that there is evidence to show that there 
is actually no local immunity and that microscopic examination may 
add considerably to the number of reported cases. He quoted a letter 
of Ewing’s concerning splenic metastases as follows: “I do not remember 
an extensive infiltration of the spleen in mammary cancer, but this 
organ is sometimes the seat of bulky metastases from other epithelial 
growths. The largest I have seen were in ovarian adenocarcinoma and 
melanoma. I know of no summary of the literature on splenic metastases 
of carcinoma, while most of the references mention the comparative 
immunity of this organ, which on the whole is rather striking.” Also a 
letter of F. B. Mallory is quoted: “In the last twenty-five years, we 
have had 4,265 necropsies. There have been cancer metastases (of the 
spleen) ten times. That is a little oftener, probably, than you would 
have imagined.” It is interesting to compare these statements with 
Warren and Witham’s * data and with ours. Because of their figures, 
Warren and Witham remarked that this frequent involvement of the 
spleen lends little credence to the assumed resistance of the spleen to 
the development of cancer. From our studies we are in full agreement 
with this statement. In a later study, Warren and Davis * reported 
metastases to the spleen in 28 of 193 instances of carcinoma arising in 
the breast. 

In comparing the various primary carcinomas throughout the body 
in relation to the frequency of metastases to the spleen, it is of interest 


29. Warren, S., and Davis, H.: Studies on Tumor Metastases: The Metastasis 
of Carcinoma to the Spleen, Am. J. Cancer 21:517, 1934. 
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to note that Yokohata *® reported 10 instances of splenic metastasis. 
In 4 of these the deposits were from primary carcinomas of the stomach ; 
in 2, from carcinomas of the bronchus, and in 1 each, from carcinomas 
of the breast, gallbladder, rectum and ovary respectively. Warren and 
Davis °° stated that among 1,140 autopsies on patients with carcinoma, 
metastatic carcinoma to the spleen was found in 46 or 4 per cent; 
28 of the tumors were primary in the breast. Willis ** pointed out that 
metastases to the spleen occurred in 4 per cent of cases of malignant 
tumor. Krumbhaar*? found among 17,500 incompletely studied 
autopsies 38 instances of secondary carcinoma of the spleen. Nine of 
these were primary mammary cancers. Among 6,500 carefully studied 
autopsies, there were 21 cases of carcinoma metastatic to the spleen, in 
7 of which the tumors were primary mammary cancers. He stated that 
the greater frequency of splenic metastases from carcinoma of the breast 
has been recognized even in textbooks. 

In this series the ovaries were involved 7 times. In 4 instances both 
ovaries contained metastases; in 3, the right ovary alone. The tumors 
were all recognized grossly. In 2 patients (cases 14 and 34) in whom 
both ovaries were involved, these organs were uniformly considerably 
enlarged, measuring 7 by 7 by 7 cm. and 8 by 9 by 10 cm. respectively 
in their greatest dimensions. In both instances it was first thought that 
the primary tumor was in the ovaries. It may be of special interest to 
point out that in both of these cases the primary carcinoma was of a 
special mucinous type and that the ovarian tumor consisted practically 
entirely of signet ring tumor cells (to be mentioned later). 

Bland-Sutton ** studied metastatic carcinomas of the ovaries. He 
stated that such tumors are found with 10 per cent of primary carcinomas 
of the breast and of the stomach. He also reported 1 specific instance 
in which the ovarian metastases were found in a 42 year old woman 
seven years after the primary mammary carcinoma had been removed. 
Willis ** stressed that in 3 per cent of cases of malignant tumor the 
ovaries are the seat of metastases. Scarpitti ** stated that of 37 metastatic 
cancers in the ovary observed at Peham’s Clinic 2 were primary in the 
breast. This author also reported an instance observed by him in which 
metastasis occurred in both ovaries five years after the primary tumor 
had been removed. Other individual instances have been mentioned. 


30. Yokohata, T.: Ueber die mikroskopischen Krebsmetastasen in der Milz, 
Ztschr. f. Krebsforsch. 25:32, 1927. 

31. Willis, R. A.: The Spread of Tumors in the Human Body, London, 
J. & A. Churchill, 1934. 

32. Krumbhaar, E. B.: The Incidence and Nature of Splenic Neoplasms, Ann. 
Clin. Med. 5:833, 1927. 

33. Bland-Sutton, J.: Secondary (Metastatic) Carcinoma of the Ovaries, 
Brit. M. J. 1:1216, 1906. 
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Taylor’s ** remark, in abstracting a pertinent report, that oyarj 
metastases are not as rare as the published records would indicate. 
apparently quite correct, at least as far as our series would indicate. 

There are instances on record of primary carcinomas of the ovary 
with metastasis to the breast (Ewing*). From our experience it seems 
that one must be extremely careful to rule out a primary cancer of the 
breast with ovarian metastases. As has been stated, in'2 cases in this 
series the large ovarian tumors were first thought to be the primary 
cancers. In the first (case 14) a radical mastectomy had been performed 
six months before the patient died, and in the second (case 34) the 
tumor of the breast was not observed by the patient, a Negress 49 years 
old who had continuous vaginal bleeding. The mammary tumor was 
recognized on her admission to the hospital, but she died shortly there- 
after. 

The adrenal glands were involved in 19 instances. In 13 instances 
the tumors were recognized grossly, in the form of seemingly well cir- 
cumscribed nodes not exceeding 1 cm. in their greatest dimension. Both 
adrenal glands were grossly involved in 7 instances, the right alone in 
3 and the left alone in 3. Microscopic metastases were recognized in 
6 instances. Most commonly these tumors involved the medulla. 

Though there are not many systematic studies of mammary cancers 
on record indicating the adrenal glands as locations for metastatic growth, 
there are a number of studies available on metastases to the adrenal 
glands from various primary tumors. Willis ** stated that of 27 meta- 
static carcinomas in the adrenal glands 7 were primary in the breast. 
Of 42 metastatic tumors recorded by Clark and Rowntree,** 8 were 
primary in the breast. As a matter of fact, carcinoma of the breast more 
commonly produced metastases in the adrenal glands than did any other 
one tumor. Glomset ** reported the incidence of metastases to these 
glands as 13 per cent of 821 malignant tumors. There were 43 car- 
cinomas of the breast in this series 25 of which had produced metastases 
to the adrenal glands. 

From our observations and the few reports available in the literature, 
it seems clear that metastasis to the adrenal glands is by no means rare. 
In our series the adrenal gland, with metastases in 19 instances, was the 
third most frequently involved organ. However, because of the small 
size of the metastases, these were not recognized clinically. 

In regard to the location of metastases in organs other than the spleen, 
ovaries and adrenal glands, it can be stated that most organs may be 
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34. Taylor, H. C.: Note after abstract of Moiroud,1# Am. J. Cancer 17:854 
1933. 
35. Clark, J. H., and Rowntree, L. J.: 


J.: Adrenal Gland in Health and Disease, 
Endocrinology 18:256, 1934. 
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involved. The bones, as they were examined through the routine 
autopsy incision, were often involved. The frequency with which the 
individual bones were affected is given in table 2. 

In 3 of 43 patients (cases 22, 28 and 38) no metastases were found. 
It is interesting that 1 of these patients (case 28) had had the tumor 
for thirty-three years without having been operated on, though radia- 
tion had been applied during the last few months. When the patient 
was admitted to the hospital, the tumor was found to be inoperable. 
In 8 of Warren and Witham’s series of 162 cases of malignant tumor 
of the breast, metastases were not found at autopsy. 

Table 1 also shows the period of survival after the operation. In 
most instances this period was rather short, though in several it was 
ereater than five years. One patient (case 20) lived twenty-four years 
alter radical mastectomy. At autopsy metastases were found in the 
lungs and in the pleura. Another patient, who showed no evidence 
of metastases for sixteen years (case 10), died with involvement of 
the opposite breast and metastases to the lungs. It is interesting to 
note in this connection that in 5 patients (cases 2, 6, 10, 19 and 40) the 
opposite breast was also involved. For 4 patients the interval between 
removal of the carcinoma of the breast and appearance of the tumor 
in the opposite breast was about five years (case 19), nine years 
(case 6), twelve years (case 2) and sixteen years (case 10), respectively. 
The long interval between the appearance of the two carcinomas at first 
makes it seem possible that the second carcinoma might have been 
another primary tumor. Yet the histologic similarity of the two tumors 
speaks for the metastatic nature of the carcinoma in the opposite breast. 
However, it seems clear that a primary tumor in the opposite breast 
cannot be ruled out. 

The fate of those patients in this series who did not receive radiation 
treatment as compared with that of the patients treated by irradiation 
indicates that this treatment was apparenly, as far as metastases were 
concerned, of no avail. However, this series is much too small to 
allow a definite conclusion in this respect. Furthermore, because of 
the very nature of this material, the types of carcinomas represented 
were in many instances the most malignant mammary carcinomas, which 
had produced widespread metastases and had caused the death of the 
patients. For this reason, too, no general conclusion can be drawn 
in regard to the failure of radiation therapy. 

It is significant that there were a few patients in this series who 
were observed clinically for various lengths of time and who had small 
primary tumors which were recognized neither by the patients nor 
by the physician. One of these (case 29) was a physician’s mother, 
who had been carefully observed on several occasions ; the clinical diag- 
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nosis was severe anemia and bronchopneumonia. Autopsy showed a 
small carcinoma of the right breast, measuring 2 by 2 em. in its greatest 
dimensions, with principal metastases to the lungs, liver, spleen, kidneys. 
lumbar vertebrae and hypopharynx. Microscopically this was a ductal 
carcinoma with mucinous carcinomatous features. In another instance 
(case 39) the clinical diagnosis was hypertrophic cirrhosis of the liver 
and chronic rheumatic arthritis. Autopsy disclosed a small carcinoma in 
the right breast, with principal metastases to the lungs, liver, spleen, 
adrenals and sternum. Histologically this tumor was a medullary car- 
cinoma. In another patient (case 34), who came to the hospital because 
of vaginal hemorrhages, a tumor was detected in the left breast which 
had not been noted by the patient. She died before any treatment could 
be instituted. At autopsy a carcinoma was found in the left breast, 
measuring 4 by 5 by 5 cm. in its greatest dimensions, with principal 
metastases to the lungs, pericardium, intestinal wall, adrenals, ovaries 
and spinal column. Histologically this was a mucinous carcinoma with 
signet ring cells, to be described. A fourth patient (case 4) had noted 
progressive loss of weight, and in the past month the abdomen had 
grown steadily larger. Blood had not been noted in the feces. The 
patient, who was in the hospital only twenty-four hours before she died, 
was thought to have had a gastric or an intestinal malignant tumor. 
Autopsy revealed a primary carcinoma of the left breast, with principal 
metastases to the liver, adrenal, pancreas and brain. Histologically the 
primary tumor was a ductal carcinoma. 

These instances are significant because they clearly demonstrate again 
the known fact that a small or unnoticed carcinoma of the breast may 
give rise to diffuse metastases. They also emphasize the importance 
of palpating the breasts carefully during general physical examination. 
The fact that 2 of these carcinomas showed mucinous features is inter- 
esting and brings to one’s mind the statement of Cheatle and Cutler “ 
that 5 of the 10 mucinous carcinomas observed by them were among 
the most malignant that can be encountered in the breast. 

Table 1 also shows the histologic type of carcinoma. From this 
study it seems that no one type of carcinoma per se is more malignant 
than another type. An anaplastic adenocarcinoma in a 22 year old 
woman (case 12) showed metastases in almost every organ and struc- 
ture in the body. The patient survived operation only eight months. 
This recalls Greenough’s ** statement that an adenomatous tumor was 
one of the most malignant that he had seen. On the other hand, how- 
ever, a histologically similar tumor in a 60 year old woman (case 20) 


36. Cheatle, G. L., and Cutler, M.: Tumours of the Breast, Philadelphia, J. B. 
Lippincott Company, 1931. 


37. Greenough, R. B.: Varying Degrees of Malignancy in Cancer of the 
Breast, J. Cancer Research 9:453, 1925. 
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who lived twenty-four years after radical mastectomy showed distinctly 
fewer metastases. It is of course likely, from this instance, that the 
youth of 1 of these patients was one factor that led to the early dis- 
semination of the tumor. However, there are other instances in this 
series which do not bear out the age factor as contributory either to 
rapid dissemination of the tumor or to retardation of metastasis. 

There were 3 papilliferous cystadenocarcinomas in this series. In 
a 70 year old patient (case 28), the tumor locally invaded the entire 
chest wall and was inoperable but showed no metastasis. Another 
patient (case 18), 78 years old, with a similar carcinoma, lived seven 
years after radical mastectomy and died with metastases to the pleura, 
pericardium and mediastinal nodes. Another patient (case 9), aged 36, 
died with diffuse metastases. Yet histologically the 3 tumors were 
identical, and their grading would not have aided in determining the 
prognosis for these patients or helped in predicting the occurrence or 
nonoccurrence of metastasis. Here, too, the differences in age may be 
taken into consideration. 

The most common type of carcinoma was the ductal carcinoma. 
Tumors of this type, too, were histologically similar in the various 
instances but varied widely in regard to the survival of the individual 
patient and the number of metastases. In this respect one must empha- 
size Warren and Witham’s* statement that so far as distribution of 
metastases is concerned there is little evidence of correlation between 
the histologic appearance and the extent of metastasis. However, it 
should be made clear that the markedly anaplastic carcinoma of the breast 
with numerous atypical mitotic figures certainly is the one which is 
most likely to produce widespread metastases, regardless of what type 
of carcinoma it is. On the other hand, it is of great importance for the 
surgeon and the pathologist to remember the results of Reimann’s ** 
study, which brought out that an attempt to grade the relative malignancy 
of 100 cancers of the breast from the histologic pictures of specimens 
obtained at operation gave false results, as determined by the later history 
of the patients. 

Five carcinomas (cases 14, 29, 34, 36 and 43) may be classified 
as mucinous carcinomas of the breast. This type of tumor was studied 
recently by one of us ** and classified into true mucinous carcinoma, 
ductal carcinoma with mucinous features, and the signet ring cell 
mucinous carcinoma. All of these 5 carcinomas had produced widespread 
metastases. However, none of the 5 could be classified as a true 
mucinous carcinoma, consisting entirely of ductal or cystic structures 


38. Reimann, S. P.: The Issues at Stake in the Grading of Tumors, Arch. 
Path. 8:803 (Nov.) 1929. 


39. Saphir, O.: Mucinous Carcinoma of the Breast, Surg., Gynec. & Obst. 
72:908, 1941, 
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filled with mucinous material, without the presence of other tumor 
elements. Three of these 5 tumors (cases 29, 36 and 43) were ductal 
carcinomas with mucinous features, and 2 were signet ring cell mucinous 
carcinomas (cases 14 and 34), characterized histologically by well pre- 
served mucin-secreting epithelial cells with basophilic or clear cytoplasm 
and crescent-shaped, compressed nuclei situated at the bases of the cells. 

From the histologic study of this series of carcinomas of the breast 
it is clear that it is definitely not the type of carcinoma which is respon- 
sible for the shorter or longer survival period of the patient or for the 
appearance, spread and number of metastases. However, it was found, 
especially with ductal carcinomas and adenocarcinomas, that whenever 
the continuity of the lining cells of the glandular structures was inter- 
rupted or (as in ductal carcinomas) the integrity of islands of tumor 
cells was disturbed and individual, isolated tumor cells began to invade 
the surrounding breast tissue, this phenomenon constituting the most 
definite sign of a high degree of malignancy. Isolated tumor cells 
exhibiting severe anaplasia, separated from primary basic structures 
of the individual carcinoma and singly or in small groups invading 
neighboring regions, must be considered the most important factor. 
Most of the tumors which produced metastases in the spleen, ovaries 
and adrenal glands showed an infiltration of isolated carcinoma cells 
outside the primary tumor. This was especially true for the mucinous 
carcinoma of the signet ring cell variety. 


SUMMARY 


The sites of metastases of 43 carcinomas of the breast are given. 
Special emphasis is placed on the occurrence of metastasis to the spleen, 
adrenal glands and ovaries, each of which organs was submitted to a 
microscopic study. The spleen was involved in 10 instances ; the adrenal 
glands in 19, and the ovaries in 7. Most commonly the metastatic 
tumors were recognized grossly. No metastases were found in 3 
instances. From the microscopic appearance of the primary tumor no 
conclusion could be drawn as to the period of survival of the patients 
or the number of metastases found at autopsy. However, the presence 
of isolated tumor cells, regardless of the type of carcinoma, separated 
from primary basic structures of the carcinoma, indicates a high degree 
of malignancy. Carcinomas consisting of such isolated and diffusely 
infiltrating tumor cells were often those which produced metastases in 
the spleen, adrenal glands and ovaries. Emphasis is placed on the 
occasional small and clinically unnoticed carcinoma which may give 
rise to widespread metastases. In this small series there was no apparent 
difference in the survival of patients given postoperative radiation treat- 
ment and of those to whom no such therapy was administered. 
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EFFECTS OF UNCOMPLICATED HEMOCON- 
CENTRATION (ERYTHROCYTOSIS) 


WITH PARTICULAR REFERENCE TO SHOCK 


GEORGE O. WOOD, 


ROCHESTER, MINN. 
AND 


ALFRED BLALOCK, 
NASHVILLE, TENN, 


An increase in the concentration of the red blood corpuscles occurs 
in many abnormal conditions, notably in secondary shock. The hemo- 
concentration associated with secondary shock results from the loss of 
plasma, local or diffuse or both. This results in a reduction in the 
circulating blood volume. The total number of circulating erythrocytes 
in the absence of gross injury remains constant or is moderately 
increased, depending on the discharge of cells from the splenic reservoir. 

As has been stated, hemoconcentration is usually accompanied with 


a decrease in the blood volume, and it is difficult if not impossible to 
assess the roles exercised by each of these two factors in the resulting 
alterations. The purpose of the present experiments was to determine 
the effects of hemoconcentration, uncomplicated as far as possible by 
alterations in the blood pressure and blood volume, on the general con- 
dition of the animal and the appearance of the tissues. 


METHODS 


The method for producing hemoconcentration consisted of removing whole 
blood and replacing this with an equal volume of red blood corpuscles. Centrifuga- 
tion was used for separation of the cells and the plasma. Only enough plasma 
was left with the cells to permit the introduction of the latter through a needle. 
Clotting was prevented by the use of sodium citrate. Some of the cells were 
obtained from the blood removed from the experimental animal, and the additional 
ones necessary to bring the volume up to that of the whole blood removed were 
obtained from compatible donors. Care was taken to reduce the trauma to the 
blood to a minimum. 

A total of 21 experiments were performed on dogs. Some of the animals 
were given water, meat and chow, and the others were allowed only dry chow. 
As no pain was experienced, anesthetics were not used in any of the experiments. 


From the Department of Surgery of Vanderbilt University. 
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Whole blood was removed and corpuscles were replaced once daily. This daily 
removal and replacement varied slightly but usually equaled approximately 2 per 
cent of the body weight, or one fifth of the total blood volume. Occasionally 
the volume of corpuscles reintroduced was in excess of the whole blood removed. 
The elapsed time between the bleeding and the reintroduction of corpuscles varied 
from five to thirty minutes. Rigid asepsis was observed in some of the studies, 
and in the remaining ones the syringes, needles and other supplies were washed 
carefully and boiled frequently. 

Studies on the animals included determinations of the pulse and respiratory 
rates, mean blood pressure, hematocrit readings and red blood cell counts. In 
addition, white blood cell counts and determination of the values for nonprotein 
nitrogen and for serum chloride were performed in some experiments. In the 
hematocrit determinations, the Van Allen tubes which contained the blood were 
centrifuged 2,700 revolutions per minute for fifteen minutes. 

Most of the animals were killed at varying intervals, depending on the degree 
of hemoconcentration and the animal’s condition. The aim in most experiments 
was to obtain the most marked degree of hemoconcentration that appeared to be 
compatible with the well-being of the animal. We were not always successful 
in this respect, and some of the animals became very ill and died. 

When it was decided that the observations should be terminated, which was 
usually after about eight days, death was caused by rapid decapitation. A careful 
autopsy was performed, and the tissues removed for microscopic study included 
the brain, lung, heart, liver, duodenum, pancreas, adrenal, kidney, ileum and spleen. 


RESULTS 


There was a fairly marked individual variation among the animals 


in the ease with which hemoconcentration could be produced. High 
concentrations of red blood corpuscles could be readily attained in most 
experiments without the appearance of shock. This increase in con- 
centration occurred earlier in the animals deprived of water. 

In a number of instances the animal was apparently normal to out- 
ward appearances, despite a high degree of concentration, at the time 


it was killed. It was observed in other instances that a dog would 
appear to be in fairly good condition at a given level of concentration 
of red corpuscles and that a relatively small increase in concentration 
would seem to precipitate a disastrous chain of symptoms and signs. 
The point at which this change occurred was somewhat variable, but 
it usually appeared when the hematocrit reading was approximately 
70 per cent and the red blood cell count approximately 10,000,000 per 
cubic millimeter. The duration as well as the degree of the hemocon- 
centration appeared to be a factor in determining the condition of the 
animal. If the increase in concentration was maintained at a high level, 
untoward symptoms consisted of loss of appetite, lethargy and muscular 
weakness. Weakness and muscular incoordination became so marked 
that the animals could scarcely stand unsupported. Terminally, the 
dogs passed into a coma lasting from hours to several days. Several 
dogs exhibited clonic convulsions for a number of hours preceding death. 
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However, as stated previously, marked degrees of hemoconcentration 
were produced in most of the experiments without the development of 
untoward symptoms. The accompanying table contains the results of 
representative experiments. The animal in experiment 1 was in 
excellent condition despite a hematocrit reading of 78; those in experi- 
ments 2 and 3 appeared well except for slight weakness, the hematocrit 
readings being 69 and 83, while the animal in experiment 4 was very 
ill, the hematocrit reading being 80. 

The animals which appeared to be in good general condition despite 
the hemoconcentration presented no gross abnormalities except for 
moderate vascular engorgement on postmortem examination. Similarly 
microscopic examination revealed vascular engorgement. A small 
amount of hemorrhage was noted in a few of the sections, but this was 
not marked. The duodenum of 1 of the animals showed a small amount 
of necrosis, but this was the exception rather than the rule. There 
was an accumulation of polymorphonuclear leukocytes in some of the 
tissues, but these cells were mainly in the vessels and appeared to be 
the result of stagnation rather than exudation. In general, the tissues 
appeared remarkably normal except for the vascular engorgement which 
was to be expected. 

The abnormalities in the animals which were extremely ill or which 
died were considerably more marked. Gross hemorrhage was apparent 
in some of the tissues. Microscopic examination revealed marked 
vascular engorgement, hemorrhage, mild degrees of necrosis and leuko- 
cytic infiltration. The alterations were most marked in the duodenum, 
adrenal and liver. The tissues of the animals which had not been allowed 
water were less moist than were those of the others. Several of the 
ill animals had acute peptic ulcers. Rather marked fatty metamorphosis 
of the liver was observed in 2 dogs. 


ADDITIONAL OBSERVATIONS 


Two additional types of experiments were performed. The main 
purpose of these experiments was to determine whether hemoconcen- 
tration produced in other ways would be associated with alterations 
in the tissues. Since the previous studies had shown minimal changes 
except for vascular engorgement (unless the animals were moribund), 
these additional observations are of little value. They serve, however, 
to some extent as a check on the other studies. The two types of 
experiments were as follows: (1) water deprivation alone, in which 
the animals were maintained without water but were allowed dried dog 
chow as desired, and (2) “reduced volume” plasmapheresis experiments, 
in contrast to the “constant volume” ones that have been described, in 
which the dogs not only were deprived of water but were subjected 
to plasmapheresis in which only their own cells were reintroduced, there 
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being each time a reduction in the total blood volume equal to the 
quantit) of plasma removed. By allowing sufficient time between each 
two plasmaphereses for the reduction in the blood volume to be com- 
pensated for in part or in whole, evidences of shock could usually but 
not always be avoided. 

There were 3 experiments in which the effects of simple dehydration 
were studied. The greatest increase in the hematocrit reading was 
irom 41 to 61 per cent. In the 2 experiments which were terminated 
at five and eight days respectively, no definite pathologic changes were 
noted on study of the tissues. In the remaining experiment, in which 
the animal died at the end of twenty-one days, bronchopneumonia was 
the outstanding pathologic condition observed. 

There were 7 experiments with plasmapheresis combined with water 
deprivation in which the animals’ own corpuscles but not donor ones 
were reintroduced. The greatest increase in the concentration of the 
red blood cells was from 40 to 63 per cent. A more marked increase in 
the concentration could not be produced in this type of experiment 
without the development of shock, probably as a result of the diminution 
in the plasma and blood volumes. Excluding the studies on very sick 
animals, most of the tissues appeared essentially normal. Moderate 
polymorphonuclear infiltration of the adrenal cortex was observed in 
| experiment. 

COMMENT 

If most of the animals with significant increases in the concentration 
of erythrocytes had become ill and if the examination had revealed 
marked changes in the tissues, the possibility would have arisen that 
the alterations might be due to trauma to the blood in the process of 
separating plasma from cells, to incompatible blood or to infection. 
As has been stated, the alterations were not marked except in the very 
ill animals. Furthermore, the blood was handled with care; attempts 
were made to avoid infection, and compatibility tests were performed. 

In the light of previous observations, it is not surprising that the 
tissues of the moribund animals showed such changes as hemorrhage 
and early necrosis. One of us (A. B.') found that the removal of blood 
in small amounts at frequent intervals from unanesthetized animals in 
such a manner that the blood pressure is at a low level for a couple of 
hours before death results in capillary congestion and hemorrhage and 
in early necrosis of the cells of some of the organs. Hemorrhage into 
the lumen of the intestinal tract occurred in some experiments. Hemo- 


concentration of significant degrees was not a factor in these previous 
studies. 


1. Blalock, A.: Shock: Further Studies with Particular Reference to the 
Effects of Hemorrhage, Arch. Surg. 29:837 (Nov.) 1934. 
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In view of the relation of viscosity to corpuscular volume, it js 


8 rather 
surprising that severe degrees of hemoconcentration are tolerated as 


well as they are. Poiseuille showed that the rate of flow of fluids 
narrow passages is inversely proportional to the viscosity and that the 
rate of flow of fluids along narrow capillary passages is proportional 
to the fourth power of the radius of the capillary. Trevan? found that 
mathematical relations exist between the number of the blood corpuscles 
and the viscosity. There is a rapidly progressive increase in viscosity 
as the higher elevations in corpuscular volume are reached. For example, 
an increase of the percentage of corpuscles by volume of from approxi- 
mately 50 to 70 doubles the viscosity of the blood. A further increase 
of from 70 to 82 again doubles the viscosity. These observations 
probably explain the rather rapid downward course of some of our 
animals when the higher degrees of concentration were reached. 

Underhill and his associates,* in a consideration of hemoconcentra- 
tion with particular reference to burns, stated that an increase of 40 
per cent of the normal value is incompatible with life if maintained for 
an extended period. The condition produced in our experiments was 
different from that encountered with burns in that the hemoconcentra- 
tion was not associated with a large diminution in the blood volume. 
At any rate, a number of animals with an increase in concentration of 
50 per cent or more appeared to be in good condition for a number 
of days. 


along 


Peptic ulcers were found in several of the animals. Similar lesions 
have been reported* as occurring in patients with erythrocytosis. 
A number of explanations for this have been advanced. 

Hemoconcentration is usually but not necessarily associated with 
shock. It is rather generally held that a reduction in the effective 
circulating blood volume, usually due to a greater loss of plasma than 
of whole blood, is a constant accompaniment of shock. There is little 
doubt that marked hemoconcentration plus a reduction in the blood 
volume exerts more deleterious effects than does an uncomplicated 
reduction in the blood volume. The present experiments indicate, 
however, that it is the decline in the blood volume and in the blood 
pressure with the resulting insufficient supply of oxygen to the tissues 
that is responsible for the greater part of the alterations that occur 
in shock. 

2. Trevan, J. W.: The Viscosity of Blood, Biochem. J. 12:60, 1918. 

3. Underhill, F. P.; Carrington, G. L.; Kapsinow, R., and Pack, G. P.: 
Blood Concentration Changes in Extensive Superficial Burns, and Their 5g- 
nificance for Systemic Treatment, Arch. Int. Med. 32:31 (July) 1923. 

4. Wilbur, D. L., and Ochsner, H. C.: The Association of Polycythemia 
Vera and Peptic Ulcer, Proc. Staff Meet., Mayo Clin. 10:166, 1935. 
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SUMMARY 


Marked degrees of hemoconcentration unaccompanied with signifi- 
cant alterations in the blood volume have been produced experimentally 
by the removal of whole blood and the reintroduction of the red blood 
os rpuscles together with additional ones from compatible donors. Rather 
marked hemoconcentration produced in this manner is compatible with 
life in experiments of the duration recorded and does not usually result 
in significant alterations in the tissues except for vascular engorgement. 
Whereas both hemoconcentration and reduced blood volume exert 
deleterious effects in the presence of shock, it is concluded that it is 
the decrease in the blood volume with the resulting anoxia that is 
responsible for most of the damage to the tissues. It should be empha- 
sized that these experiments are concerned not with chronic erythro- 
cytosis but with temporary elevations in concentration, such as may 
«cur in association with shock. 








RESULTS OF REMOVAL OF ACOUSTIC TUMORS 
BY THE UNILATERAL APPROACH 


WALTER E. DANDY, M.D. 
BALTIMORE 


If any neurologic surgeon were asked to name the most difficult 
tumor to extirpate, his answer would doubtless be “the acoustic tumor.” 
Until recent years the surgical removal of this type of growth appeared 
to be almost impossible. In 1917 no less an authority than Cushing? 
wrote: “I doubt very much, unless some more perfected method js 
devised, whether one of these tumors can with safety be totally enucle- 
ated.” He was content with removal of the interior of the tumor, by 
which life could be prolonged, although recurrence was inevitable. 
Nor could there be any question of the wisdom of his course, for the 
mortality following total removal at that time was nearly 100 per cent. 
Successful complete removals of tumors of this type by all of the world’s 
brain surgeons at that time could be counted on the fingers of one hand. 

It seemed incredible that a perfectly benign, encapsulated, not too 
firmly fixed tumor that was potentially curable should present an 
insoluble problem. The solution came from a realization of the under- 
lying causes of failure and their avoidance. The one important cause 
of death was injury to the brain stem. And it was then learned that 
by painstaking dissection of the capsule of the tumor after the interior 
had been scooped out by successive applications of a curet, trauma to 
the brain stem could be reduced to a degree compatible with preser- 
vation of life and function. 

In 1925 I reported? a series of 5 cases in which total extirpation 
was performed in this way without mortality, and in 1934 an important 
technical advance was added by which the tumor was removed through 
a small unilateral opening instead of the large bilateral cerebellar 
exposure. Paradoxically, this restricted cranial opening provided no 
less operative room and a much easier and better exposure of the tumor ; 
it greatly conserved the patient’s resources, and it made the operation 
far less fatiguing to the surgeon. 

Read at the Sixty-Sixth Annual Meeting of the American Neurological 
Association, Rye, N. Y., June 8, 1940. 

1. Cushing, H.: Tumors of the Nervus Acusticus and the Syndrome of the 
Cerebellopontile Angle, Philadelphia, W. B. Saunders Company, 1917. 

2. Dandy, W. E.: An Operation for the Total Removal of Cerebellopontile 
(Acoustic) Tumors, Surg., Gynec. & Obst. 41:129, 1925. 
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The operative approach with the unilateral exposure is practically 
identical with that used for trigeminal neuralgia, glossopharyngeal 
neuralgia and Méniére’s disease. To overcome the effects of pressure 
within the posterior fossa, three space-reducing methods are utilized: 
(1) tapping the lateral ventricle, which with an average-sized or larger 
tumor is always dilated; (2) evacuation of the cisterna magna, and 








Posterior horn 
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herniated into 
Spinal canal 
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h cerebellum 
removed 


Tonsils litted 

out of 
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Fig. 1—A, exposure used in the removal of cerebellopontile tumor by the uni- 
lateral approach; 1, method of releasing the supratentorial pressure by puncture 
of the posterior horn of the lateral ventricle; 2, further release of pressure in the 
posterior cranial fossa by evacuation of the cisterna magna in the spinal canal, 
and 3, final stage of exposure by the resection of the outer cap of the cerebellum. 


(3) removal of the outer cap of the cerebellar lobe (10 to 15 Gm.). 
Removal of the cap of the cerebellum results in no appreciable distur- 
bance of function, and by it the exposure of the tumor in the angle 


is tremendously improved. At times it is not necessary. 




















Fig. 2.—Method of attacking the tumor after the reduction of the intracranial 
pressure: A, exposure of the tumor; B, splitting of the capsule of the tumor 
preparatory to intracapsular enucleation, and C, gradual withdrawal of the capsule 


from its bed. The cautery is now used to coagulate all vessels, the silver clips 
being removed. 





\ 
Skin incision 











Fig. 3.—Method of cutting away the outer lip of the acoustic foramen in order 


to remove the tumor extending into the petrous bone. This is necessary only at 
times. 
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Most neurologic surgeons, I believe, still cling to partial removal 
of this tumor, feeling that the mortality associated with total removal 
is excessive. For reasons that I have stated before, I am convinced 
that in safe hands total removal is attended by less mortality than is 
partial removal. The two principal reasons for this statement are: 
|. The raw surface of the partially removed tumor becomes very 
edematous, and this edema extends into the brain stem, causing death. 
2. Unless the interior of the upper pole of the tumor is thoroughly 
removed, the hydrocephalus will not be relieved, and the resultant con- 
tinued pressure on the brain stem will cause death. By removal of 
the entire tumor both of these sequelae are automatically avoided, and 
in nearly every case a patient from whom the tumor has been totally 
removed has a smooth and uneventful postoperative course. 


MORTALITY 


Since the introduction of the unilateral approach in 1934 * and with 
inclusion of the 4 cases with 1 death reported in my paper published 
at that time, 46 tumors of this type have been operated on and totally 
removed, with 5 deaths, a mortality rate of 10.87 per cent. The only 
other known statistics on total removals of such tumors were recently pre- 
sented by Horrax and Poppen * and by Olivecrona,® of Sweden. Horrax 
and Poppen reported a mortality of 10.5 per cent in 19 cases—a rate 
essentially similar to mine. They used the same unilateral approach. 
Olivecrona had 14 deaths in 75 total extirpations (mortality rate of 
18.7 per cent) during a period of nine years (1930 to 1939). How- 
ever, with increasing experience his death rate steadily decreased, and 
from an initial mortality of 26.3 per cent in the first 19 cases it dropped 
to 11.1 per cent in the last 19 cases. It is interesting that his mortality 
for total extirpations (18.7 per cent) was less than for subtotal removals 
(22.2 per cent) or for intracapsular enucleations (28.6 per cent). 

In my series,? the 5 patients who died were comatose at the time 
of operation; another had the largest tumor in the series; it weighed 
60.5 Gm. In an earlier publication it was emphasized that it appeared 
to be almost impossible to save a life when an acoustic tumor had induced 
coma, because the brain stem had already been severely damaged. How- 
ever, since 1 patient in this series was rescued from coma, the effort 
should be made to give each patient his only chance by removing the 


3. Dandy, W. E.: Removal of Cerebellopontile (Acoustic) Tumors Through 
a Unilateral Approach, Arch. Surg. 29:357 (Sept.) 1934. 

4. Horrax, G., and Poppen, J. L.: Experiences with the Total and Intra- 
capsular Extirpation of Acoustic Neuromata, Ann. Surg. 110:513, 1939. 

5. Olivecrona, H.: Acoustic Tumors, in III ® Congrés neurologique inter- 
national. Comptes rendus des Séances, Copenhagen, Einar Munksgaard, 1939, 
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growth. It is quite certain that this patient could not have withstood 
the more extensive bilateral cerebellar approach. One patient was lost 
when the basilar artery: was punctured during an attempt to dissect a 
remaining tightly bound fragment from it. Although the bleeding was 
controlled by clipping the basilar artery on each side of the opening 
in the vessel, the patient died five hours later. One patient died as the 
direct result of the operation, i. e., injury to the brain stem. The 
remaining patient died of pneumonia six days after the operation. It 
should be emphasized in this connection that the patient should not be 
allowed to swallow until he is fully conscious and then only if there 
is no impediment in deglutition. Although the vagus nerve is protected 
as fully as possible during the operation, there may be enough trauma 
to affect swallowing and cause aspiration into the lungs and pneumonia. 
There has been no death in the last 16 cases. 


LATE RESULTS 


Two patients of this series subsequently died, 1 ten months after 
the operation, from an unknown cause. The other died one year after 
the operation, from meningitis; a leak of spinal fluid from the ear had 
followed extensive erosion of the temporal bone by the tumor and had 
persisted throughout this time. He had survived two attacks of menin- 
gitis, one due to Staphylococcus aureus and cured by cisternal drainage, 
and the other due to Streptococcus haemolyticus and magically cured 


almost overnight by sulfanilamide. In the third attack (due to a pneumo- 
coccic infection) he died. I had twice tried to find and close the fistulous 
opening in the temporal bone, but without success. The actual fistula 
could not be identified. 


So far as I know all the remaining patients are living and well. 
All but a few are active, and many are carrying on their former work 
in full capacity. Perhaps half a dozen show some degree of uncertainty 
in walking and have slight ataxia. 

Paralysis of the facial nerve must usually be accepted as a necessary 
sequel of the operation. Except in 2 cases in which the tumor was small, 
it has been necessary to sacrifice the nerve. Preservation of this nerve 
would be a most welcome addition to the operation, but its greatly 
attenuated size and its long course around the posterior wall of the 
tumor make this exceedingly difficult, for the present at least. Ollive- 
crona has just reported preservation of the facial nerve in 65 per cent 
of his patients operated on during the past two years. 

The loss of function of the facial nerve and the trauma to the 
trigeminal sensory root—now usually slight—which is so apt to induce 
neurotrophic disturbances to the eye make it advisable in a high per- 
centage of cases to close the eyelids on that side soon after the opera- 
tion. Not only will this help to prevent keratitis, but it is the best 
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‘reatment after keratitis develops. In none of the cases in this series 
has the eyeball or the sight been lost. The eyelids are opened when 
facial function returns, in eight to ten weeks after the customary spino- 
facial anastomosis performed ten days to two weeks after the removal 
of the tumor. 

In this series injury to the vagus nerve, causing difficulty in swallow- 
ing, has occurred rarely and then only for a few days. The vagus nerve 








L 








Fig. 4.—Operative wound left by extirpation of the tumor. 


is exposed early in the operation and is protected during the remainder 
of the procedure by a closely applied pledget of cotton. 


The eighth nerve is, of course, always lost. Only occasionally is 
the stump of it seen, and always it diffuses into the tumor. It is inter- 
esting that in 34 of the cases in this series there was still good hearing 
on the surgically treated side before the operation, and in 7 there were 
remnants of hearing. In 23 the hearing was totally lost. It is possible 
that by partial removal of only the interior of the tumor the hearing in 
the 4 cases of good hearing might have been preserved for a time, but 
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this would appear doubtful, and it is difficult to believe that i; ould 
be for long ; in any event, it would be poor compensation for the ev: ntual 
recurrence of the tumor. 

In this connection it should be reemphasized that removal of a tumor 
which has recurred after partial removal carries an excessive mortality 
because of the dense adhesions between the growth and the surroundin: 
structures. I have had 4 cases of recurrent tumor, with 2 deaths. These 
have not been included in this series because it is manifestly unfair to 
the operator to include them—a conviction shared by Horrax and 
Poppen, who also have excluded cases of recurrent tumor in formulating 
their excellent results. If these were included the mortality in my series 
would be 14 per cent. The patient with a recurrent tumor should be 
given the opportunity of total removal if he wishes it, but he should 
know that the risk is much increased. 


ling 


SIZE OF TUMOR 

In 46 of the cases in this series the weight of the tumor has been 
recorded. The weights are not strictly accurate, because by the method 
of continuous suction now employed many pieces of tumor pass down 
the suction tube and are therefore not included in the total weight. 
This statement applies principally to the medium and large tumors. 
Then, too, not infrequently a considerable part, sometimes the major 
part, of the tumor is cystic, and the weight of the contents is lost. 
Fourteen tumors weighed less than 10 Gm.; 11 weighed between 10 
and 20 Gm.; 11 weighed between 20 and 30 Gm.; 5 weighed between 
30 and 40 Gm.; 3 weighed between 40 and 50 Gm., and 2 weighed 
66 and 66.5 Gm. respectively; 1 of the latter was saved. The 2 very 
large tumors were probably near the extreme limit for this type. A 
tumor weighing between 30 and 40 Gm. would doubtless cause death 
in most cases before its size had increased much more. It is hardly 
necessary to add that the size of the tumor is a very important index 
of the risk assumed in the operation. It is encouraging that 25 of the 
40 tumors weighed under 20 Gm. In none of the cases in which the 
growth was of this size did death occur. Several of the smaller tumors 
were encountered during operation for trigeminal neuralgia by the 
cerebellar route. A tumor is at times suspected in a patient with tic 
douloureux because of some reduction in hearing on the affected side, 
but frequently the tumor is found entirely unexpectedly, there being no 
difference in the character of the neuralgia when a tumor is the under- 
lying cause. In approximately 10 per cent of cases trigeminal neuralgia 


is caused by a tumor in the cerebellopontile angle, and in a fair share the 


tumor is an acoustic neuroma. 
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AGE; SEX; SITE OF TUMOR 


The highest incidence of the acoustic neuroma is in the fourth decade. 
Sixteen, or nearly one third, of the patients were between 40 and 50; 
11 were between 30 and 40, 7 between 20 and 30, 7 between 50 and 60 
ind 4 between 60 and 70. The youngest patient was 18 years old; this 
was the only one under 20. There was a higher incidence in women, 
the ratio being 28 women to 18 men. There is essentially no difference 
in the topographic incidence; 25 of the tumors occurred on the right 
side and 21 on the left. 

RECURRENCE 


There has been no recurrence in any case in this series, nor do 1 
know of any recurrence of a growth of this type since the inception 
of the operation for total removal eighteen years ago. Since the tumor 
practically always projects some distance into the acoustic foramen, it 
seems essential that this extension of the growth be totally extirpated if 
recurrence is to be avoided. I have consistently extirpated it. Fre- 
juently it is necessary to chisel away the outer lip of the acoustic foramen 


in order to gain access to this hidden retreat of the final fragments of 


the tumor. 





VISUALIZATION OF THE PULMONARY ARTER\ 
DURING ITS EMBOLIC OBSTRUCTION 


JOSEPH H. JESSER, M.D. 


AND 


GEZA pe TAKATS, M.D. 
CHICAGO 


The purpose of this study was to work out a simple method of 
visualizing the pulmonary artery in the dog as Robb and Steinberg 
have done in man * and then to study the vascular bed after the adminis- 
tration of drugs and after the production of embolism. In a previous 


publication? the effect of embolism on the coronary circulation has 
been reported. In this paper we wish to report our observations on the 
effect of pulmonary embolism on the pulmonary vascular bed of the 
dog. Two hundred and sixty-three films were obtained of 48 dogs. The 
pulmonary vascular tree was first studied by injection of a barium sul- 
fate suspension into the pulmonary conus distal to its ligature. Various 
angles were employed, and finally the right anterior and left anterior 
oblique positions were selected (fig. 1). The anteroposterior view shows 
that only the left pulmonary artery is filled adequately. In the oblique 
views, attention should be called to the superior pulmonary artery, the 
changes .in whose caliber have been watched with special care. The left 
anterior oblique position prevented the heart shadow from overlapping 
the pulmonary arterial tree, and, unless otherwise stated, this position 
was used in all experiments on the living dog. 


The amount and concentration of the opaque solution had to be 
determined next. Several colloidal solutions of iodine, such as hip- 
puran, diodrast and neo-iopax, were employed. Finally a 25 per cent 
solution of sodium iodide was selected, which was well tolerated in 15 to 

Presented before the Central Society for Clinical Research, Nov. 2, 1940. 

From the Department of Surgery, University of Illinois College of Medicine. 

1. Robb, G. P., and Steinberg, I.: Visualization of the Chambers of the 
Heart, the Pulmonary Circulation and the Great Blood Vessels in Man, Am. J. 
Roentgenol. 41:1, 1939; Visualization of the Chambers of the Heart, the Pul- 
menary Circulation and the Great Blood Vessels in Heart Disease, ibid. 42:14, 
1939; Visualization of the Chambers of the Heart and Thoracic Blood Vessels in 
Pulmonary Heart Disease: A Case Study, Ann. Int. Med. 13:12, 1939. 

2. de Takats, G.; Beck, W. C., and Fenn, G. K.: Pulmonary Embolism, 
Surgery 6:339, 1939. de Takats, G., and Jesser, J. H.: Pulmonary Embolism, 
J. A. M. A. 114:1415 (April 13) 1940. 
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20 cc. doses. A 13 gage needle was used, the solution being injected in 
less than one second and the exposures made at three and five seconds 
respectively after the completion of the injection. In figure 2 are 
shown a control film (@) and two exposures (b) and (c) made at three 





Fig. 1—The anteroposterior view (a) shows that only the left pulmonary 
artery has been filled adequately. The left anterior oblique view (b) shows that the 
heart shadow has been eliminated from overlapping the vascular tree. The right 
anterior oblique view (c) does not show the same spread of branches as the preced- 
ing one. Unless otherwise specified, the left anterior oblique view has been 
employed in all of the following films. These injections were made on dead dogs 
with the thorax open; barium sulfate was used for the opaque substance. 











Fig. 2—An oblique view of the heart (a) prior to injection; (b) three seconds 
aiter injection of 20 cc. of 25 per cent sodium iodide solution (the superior vena 
cava, the right side of the heart and the left and right pulmonary arteries are 
visualized ; the left side of the heart and the inferior venta cava are not filled), and 
(c) five seconds after injection. The iodine solution has left most of the arterial 
branches and is in the veins. The left side of the heart is visualized, as is the 


inf 
IT 


iferior vena cava passing through the diaphragm. 
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Fig. 3.—Exposure after three seconds (a) before the administration of papa- 
verine ; exposure of the same animal (b) treated by injection the second time, fiv: 
minutes after the intravenous injection of 2 grains (0.12 Gm.) of papaverine. 
Note the widening of the superior vena cava, the enlargement of the right side 
of the heart and of the pulmonary conus. The diameter of two arterial branches 
running toward the spine and the diaphragm is definitely larger after adminis- 
tration of papaverine. 





Fig. 4—Exposure after three seconds before the administration of epinephrine 
(a) and exposure of the same animal in an identical position (b) two minutes aiter 
the intravenous injection of 1 cc. of a 1:1,000 solution of epinephrine hydro- 


chloride. Note the marked contraction of the right auricle, the potent reflux ot 
the opaque solution in both venae cavae and the enlargement of the pulmonary conus 


The superior vena cava is tortuous and spastic; branches of the pulmonary artery, 
especially in the upper lobe, have a diminished vascularity. The whole picture 


is that of an increased resistance in the pulmonary vascular bed. 
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Fig. 5—After a control visualization (a) a massive pulmonary embolism has 
been produced with 2 cc. of an iron chloride-barium sulfate mixture. Note (b) 
the marked enlargement of the right side of the heart, the reflux in both venae 
cayae, with bulbous dilatations at their entrance to the heart, and the complete 
struction of the left pulmonary artery. The right pulmonary artery is invisible. 
In c the obstruction is more peripheral in the left pulmonary artery, with a mural 
defect (parietal thrombus) proximal to the obstruction. Again the right pulmonary 
artery is invisible. In this film the bulbous dilatation of the two venae cavae is 
even more pronounced. 





Fig. 6—A control visualization (a2) was made of the pulmonary arterial bed. 
\ pulmonary arterial embolism was produced with 1.5 cc. of the embolizing sub- 


Siz 


lance (b). Note the shift of the longitudinal axis of the right side of the heart, 


the cor pulmonale, the block in the left pulmonary artery and the tapering of the 


smaller vessels of the lower lobe of the right lung. The upper lobes are vascular. 
\n embolism was produced (c) with 1 cc. of the embolizing substance. A 
per:pheral embolus is seen close to the spine. It has been retouched to demonstrate 
it in the reproductions. There is no cor pulmonale. 
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and five seconds respectively after the injection of the solution. In the 
film taken at three seconds one can recognize the superior vena caya. 
the right auricle and ventricle and the jeft and the right pulmonary 
arteries with their branches. The inferior vena cava, the left side of the 
heart and the aorta are not visualized. In the film taken at five seconds 
most of the opaque material is seen in the left ventricle ; the aorta and the 
inferior vena cava can be well seen. The solution has disappeared from 
the superior vena cava; some of it is still in the pulmonary vascular bed. 

Figure 3 illustrates the effect of 2 grains (0.12 Gm.) of papaverine 
hydrochloride on the visualized pulmonary artery. Exposures were 
made in the left anterior oblique position at three seconds. Note the 


widening of the superior vena cava, the enlargement of the pulmonary 














Fig. 7.—In the control film (a), note the superior pulmonary artery and three 
branches of the right pulmonary artery. These are obstructed in the next film 
(b), which shows a peripheral type of pulmonary embolism produced with 0.5 cc. 
of the embolizing substance. There is no cor pulmonale. Filling defects are seen 
in three branches of the right pulmonary artery, just above the diaphragm. Note 
the avascular and emphysematous upper lobe. The same animal was revisualized 
(c) after intravenous injection of 1 grain (0.06 Gm.) of papaverine hydrochloride. 
Note the marked change in the vascularity of the upper and the lower lobe. 
There is more vascularity than in the control film. 


conus and the increase in diameter of some of the branches. The inferior 
vena cava is devoid of the opaque solution. 

In contrast to this, the effect of epinephrine hydrochloride, 1 cc. of 
1:1,000 solution given intravenously, is shown in the next film (fig. 4). 
There was a potent reflux of the opaque solution into the pulmonary 
conus and into the superior and the inferior vena cava, indicating an 
increased resistance and pressure in the pulmonary vascular bed. This 
film gives roentgen evidence of the rise in pulmonary arterial pressure 
following the use of epinephrine. 
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In the following series (fig. 5), after a visualization at three seconds 
(a) a massive pulmonary embolism was produced with 2 cc. of modified 
Martin solution as used in our previous experiments. This solution 
consists of equal parts of barium sulfate and physiologic solution of 
sodium chloride. In several hundred experiments from our laboratory 
the size and site of the embolus were fairly well controlled by the dose. 
The block in the second film (0) is close to the right side of the heart ; the 
right ventricle and the origins of the two venae cavae are distended. 
The pulmonary conus is hardly visible. In the next film (c) the block 
of the pulmonary artery is at a lower level. Note in both films, however, 
the marked cor pulmonale and the bulbous enlargements of the superior 
and the inferior vena cava. 

In the next series (fig. 6), after the control visualization (a) an 
embolus was produced with 1.5 cc. of the Martin solution. Note again 
(b) the distention of the right side of the heart, its twisting into the 
longitudinal axis and the marked back pressure into the superior and 
the inferior vena cava. The pulmonary arterial tree is greatly reduced 
in size; there is a block of the left main branch, and there is marked 
tapering of two branches in the lower lobe of the right lung. In the 
third film (¢) peripheral obstruction is shown, but there is no cor 
pulmonale. 

In the last series (fig. 7) the effect of 0.5 cc. of Martin’s solution on 
the pulmonary vascular bed and the effect of papaverine are demon- 
strated. Note the filling defects in three branches of the right pulmonary 
artery. Note the change in vascularity and the disappearance of 
emphysema after the administration of papaverine. 


COMMENT 

This, of course, is a rather crude method of studying the effect of 
pulmonary embolism on the right side of the heart and the pulmonary 
artery ; it has, however, the advantage of allowing study of the intact 
living animal, whose reactions have not been disturbed by cannulas or 
operative procedures in the thorax and whose lung and heart have not 
been isolated and perfused. For the interpretation of these films, how- 
ever, direct measurements of pressures are necessary.*° The sudden 
dilation of the right side of the heart and of the vena cava following 
obstruction to the pulmonary artery could be readily demonstrated. 
Interesting is the shift of the long axis of the right side of the heart 
in some of the films. Attention should be drawn to the marked pressor 
effect of epinephrine in the pulmonary vascular bed, which was shown 


3. Katz, L. N., and Steenitz, F. S.: Pulmonary Arterial Pressure in Renal 
Hypertension, Am. J. Physiol. 128:433, 1940. 
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by Katz some years ago.* The use of this drug, as we have pointed out 
elsewhere, is to be condemned in cases of pulmonary embolism. Eye 
comparatively small doses given when the pulmonary arterial pressure js 
already abnormally high may lead to pulmonary edema.* Papaverine, 
on the other hand, seems to have a relaxing effect on the smooth muscle 
of the pulmonary vascular bed. It also has a bronchodilator effect, oy 
which we shall report later. Other drugs now clinically used for pul- 
monary embolism can be studied by this method. 

In the presence of total block of the pulmonary artery the death of the 
animal cannot be prevented. In the presence of partial occlusion, which 
occurs frequently in man, medication to eliminate the reflex effects of 
distention of the vascular tree proximal to the obstruction has saved 
the animal in 50 per cent of the experiments. Thus, atropine sulfate 
abolishes reflexes from the right side of the heart and the great veins 
and also from the numerous pressor receptors situated at the obliterated 
ductus botalli. They have been demonstrated in man histologically ‘ 
and have been shown, by Schwiegk,® to have depressor effects. In 
addition, we believe that we have demonstrated increased vascularity 
following the use of papaverine, a hitherto unsettled question. Whether 
this means a relaxation of the smooth muscle of the arteries or is due to 
a rise in pulmonary arterial pressure could be settled only by direct 
measurements of pressure in the pulmonary artery. We feel that the 
results of emergency treatment of pulmonary embolism as proposed 
from our clinic, consisting of administration of oxygen and intravenous 
injection of atropine and papaverine, seem to indicate that the use of 
papaverine should be continued. 

Our observations also support the idea, especially promulgated by 
Daly and his co-workers, that the pulmonary vascular bed is richly sup 
plied with sensory receptors and that the pulmonary vascular system 
possesses a potent vasoconstrictor mechanism which is under control 
of the sympathetic nervous system.’ Drugs which increase blood flow 
to the pulmonary arterial bed by increasing the output of the right side of 
the heart, such as epinephrine, neo-synephrin and digitalis, may do harm 
in cases of pulmonary embolism, as they increase the pulmonary hyper- 


4. Johnson, V.; Hamilton, W. F.; Katz, L. N., and Weinstein, W.: Stud) 
on the Dynamics of the Pulmonary Circulation, Am. J. Physiol. 120:624, 1937 

5. Unpublished data. 

6. Schwiegk, H.: Der Lungenentlastungsreflex, Arch. f. d. ges. Physiol 
236: 206, 1935. 

7. de Burgh Daly, I.; Ludany, G.; Todd, A., and Verney, F. B.: Sensory 
Receptors in Pulmonary Vascular Bed, Quart. J. Exper. Physiol. 27:123, 1937 


de Burgh Daly, I.; Foggie, P., and Hebb, C. O.: An Experimental Analysis of 


the Action of Adrenaline and Histamine on Different Parts of the Pulmonary 
Vascular Bed, ibid. 30:21, 1940. 
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tension and accelerate the impending failure of the right side of the heart. 
Digitalis, in addition, sensitizes the vagus nerve and facilitates the opera- 
tion of vagal reflexes on the coronary vessels, bronchi and gastro- 
intestinal tract.2 Its use in cases of pulmonary embolism is to be 
condemned. 

SUMMARY 


Of a total of 48 dogs, two hundred and sixty-three films were taken 
with the object of visualizing the pulmonary arterial tree under basic 
conditions and under the influence of epinephrine and papaverine. The 
pulmonary arterial hypertension and its effects on the circulation are 
discussed. There seems to be some added evidence for the assumption 
that relaxation of the vascular bed may contribute to the recovery of 
patients suffering from pulmonary embolism. 


122 South Michigan Avenue. 
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TRAUMATIC VASOSPASTIC DYSTROPHY 
THE EXTREMITIES 
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May 19 
or blood supply a peculiar type of syndrome may ensue which has been a fractt 


variously designated, depending on the chief clinical manifestations, for rg 
instance as Sudeck’s atrophy,’ painful osteoporosis,? traumatic vaso- ry 
spasm * and reflex dystrophy.* (Causalgia® probably belongs to this oe 
group. However, marked dilatation rather than spasm seems to be 
the predominant vasomotor disturbance associated with that condition.) 


After almost any form of injury to an extremity or to its nerve 


experiel 


The initial injury may be trivial, such as straining of a ligament or 
pricking of a finger; or it may be more serious, such as a fracture, a 
dislocation or a gunshot wound. The syndrome may regress spon- 


had 

narcoti 
taneously, or it may go on to advanced disturbances involving skin, 
connective tissue, nerves, muscles, joints and bone. Pain, subjective 
coldness, objective coldness, hyperhidrosis, cyanosis, tense, shiny skin, 
firm, tender edema, muscular weakness, joint fixation and decalcifi- 
cation of bone have all been observed. The hands and the feet are 
primarily involved. 

De Takats * stressed the reflex origin of the vasomotor disturbance. 
He postulated a continuous flow of afferent stimuli from the injured 
tissue which reach the spinal cord, where they reflexly activate cell sta- 
tions of the sympathetic nervous system, with resultant production of a 
efferent vasomotor and sudomotor impulses. Treatment consists of rie 
breaking the reflex arc. On the afferent side this may be accomplished 
by healing the initial and irritating injury. However, the dystrophy, 
when once established, may persist despite apparent healing of the 

From the Peripheral Vascular Service, Department of Orthopedics, Mount 
Sinai Hospital. 

1. Sudeck, P.: Ueber die akute entziindliche Knochenatrophie, Arch. f. klin 
Chir. 62:147, 1900. 

2. Fontaine, R., and Hermann, L.: Posttraumatic Osteoporosis, Ann. Surg 
97:26, 1933. 


3. Lehman, E. P.: Traumatic Vasospasm, Arch. Surg. 29:92 (July) 1934. 

4. de Takats, G.: Reflex Dystrophy of Extremities, Arch. Surg. 34:939 
(May) 1937. 

5. Mitchell, S. W.; Morehouse, G. R., and Keen, W. W.: Gunshot Wounds 
and Other Injuries of Nerves, Philadelphia, J. B. Lippincott & Co., 1864. 
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original lesion; a vicious circle may be established by which the vaso- 
motor disturbance prevents the healing of the traumatic lesion, or the 
lesion may be such as to render direct surgical attack impractical or 
‘nadvisable. For these reasons it is often necessary to interrupt the 
reflex arc on its efferent side by means of a sympathectomy. 


REPORT OF CASES 


Case 1—W. McG., a 27 year old white man, came under my observation in 
Mav 1939. Ten months previously he had fallen from a scaffold and had suffered 
fracture-dislocation of the right sacroiliac joint and multiple fractures of the 
transverse processes of the lower lumbar vertebrae. ‘The accident was imme- 
liately followed by total paralysis of the right leg and foot and by anesthesia 
‘ this foot. Four months later, when he became ambulatory, he began to 
experience two types of pain. One was lancinating and radiated down the back 
{ the extremity into the heel. The other was a peculiar pain felt in the deep 
tructures of the anesthetic foot. The latter pain was present constantly, was 
rse at night and required narcotics for relief. It appeared to be definitely 
geravated by the intermittent nerve root pain. Since the onset of this pain 

had become totally incapacitated and was in danger of becoming addicted to 
narcotics. 

Examination.—The arteries throughout the right lower extremity pulsated 
rmally. The foot was fixed in extreme plantar flexion. It was edematous; 
the skin was tense and shiny and was covered with perspiration. When the foot 
vas exposed in a cool room the surface temperature dropped rapidly, and in the 
ependent position the foot became intensely cyanotic. The picture was that of 
marked vasomotor disturbance consisting of arteriolar constriction with capillary 
lilatation and stasis. Roentgenographic examination revealed spotty decalcification. 

Neurologically there was total paralysis with atrophy of all the musculature 
listal to the knee. The foot was anesthetic to all forms of stimulation. How- 
ever, the sympathetic innervation of the foot appeared to be intact, as was evi- 


enced by the hyperhidrosis of the foot and by a marked rise in the surface 


temperature of all parts of the foot following a paravertebral procaine hydro- 
hloride block of the lumbar portion of the right sympathetic trunk. These 
findings could be interpreted only on the basis of a division of the fourth and 
fifth lumbar and first sacral spinal nerves central to the points where the post- 
ganglionic vasomotor and sudomotor fibers entered these spinal nerves to be 
distributed to the blood vessels and sweat glands of the anesthetic foot. 
Course—After the aforementioned procaine block of the lumbar portion of 
the sympathetic trunk the foot became hot and dry, the edema subsided and the 
pain in the foot promptly disappeared. Relief persisted for a few days, at the 
end of which time the entire syndrome recurred. The procaine block was 
repeated, with similar results. A diagnosis of intermittent irritation of the central 
nds of the severed fourth and fifth lumbar and first sacral spinal nerves with a 
resultant reflex vasomotor disturbance in the foot was made. A lumbar sym- 
pathectomy was performed on the right side. The operation gave immediate 
relief of the pain in the foot and of the vasomotor disturbances. A _ triple 
arthrodesis was then performed by Dr. A. Miller. An excellent weight-bearing 
loot was obtained. The foot has remained warm, dry and of good color, and 
tl itient has returned to work and is completely ambulatory. The attacks of 


ine 1 
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nerve root pain have persisted. However, they have not proved sufficiently « vere 
to be disabling or to warrant further surgical intervention. The spotty decalcifica- 
tion has disappeared. 


Since the initial injury did not involve the foot and since only the 
sympathetic nerve supply remained intact after the injury, the reflex 
origin of the vasomotor disturbances and the resultant pain is obvious. 
It is also evident that, since these sensations of pain could have reached 
the central nervous system only via sympathetic nerve pathways, the 
origin of the painful sensations must have been in structures innervated 
by sympathetic nerve tissue, and these, for practical purposes, could 
only have been peripheral blood vessels. 

The mechanism of production of pain in cases of peripheral vascular 
disease is not entirely clear. Ischemia per se is unquestionably a potent 
cause. Intermittent claudication and the pain of impending gangrene 
undoubtedly originate in the stimulation of extravascular pain fibers by 
acid metabolic substances. However, the role which blood vessel sensi- 
bility itself plays is still debatable, although there is abundant clinical 
evidence that it exists and that the pain impulses are carried over sympa- 
thetic nerve pathways. The difficulty lies in the fact that laboratory inves- 
tigators have not been able to demonstrate experimentally that the 
peripheral blood vessels possess sensibility to pain stimuli. Stopford ° 
was unable to prove the existence of ascending sensory fibers from the 
blood vessels. Woollard* and Kuntz* were unable histologically to 
demonstrate sensory nerve endings in the intima of arteries or in capil- 
lary endothelium. 

The most consistent and sustained attempts to demonstrate intrinsic 
peripheral vascular sensibility have been made by Moore and Singleton. 
The results of these experiments have been reviewed and summarized 
in a recent publication by Moore.® The experiments of these workers 
have consisted essentially of the injection of irritating solutions down a 
peripheral artery, such as the femoral, in a decerebrate or a barbitalized 
animal, and noting the production of a pseudoaffective reaction. In 
addition, they manipulated and stimulated the blood vessels in various 
other ways in an attempt to elicit pseudoaffective reflexes. (A pseudo- 
affective response is a type of reflex motor expression occurring in a 
decerebrate animal which could be attributed to painful stimuli reaching 


the brain. It consists of snapping of the jaws, baring of the teeth, 


6. Stopford, J. S. B.: The Innervation of Blood Vessels in the Limbs, 
Lancet 2:779, 1931. ; 

7. Woollard. H. H.: The Innervation of Blood Vessels, Heart 13:319, 1926. 

8. Kuntz, A.: The Autonomic Nervous System, Philadelphia, Lea & Febiger. 
1934. 

9. Moore, R. 


E.: Some Experimental Observations Relating to Visceral Pain, 
Surgery 3:534, 1938. 
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snarling, movements of the limbs, dilation of the pupils, etc.) Injec- 
tions of certain types of irritant solutions in proper concentration 
invariably resulted in strong reflex expressions which could be attributed 
to pain. These reflexes could not be abolished by severing the arterial 
trunk proximal to the point of injection or by sympathectomy. They 
could be abolished, however, by sectioning all the spinal nerves inner- 
vating the extremity being tested. Thus, section of all the trunks of 
the lumbosacral plexus would eliminate reaction to injection of an 
irritant into the femoral artery. The experimenters found that stimula- 
tion resulted only when the irritating solution was allowed to reach the 
capillary bed where it was able to diffuse into the adjacent tissues. It 
was there that the actual stimulation of sensory nerve endings with pain 
production took place. These investigators were unable to elicit pseudo- 
affective reflexes by forcibly distending an artery or by throwing it into 
spasm. When an artery was carefully isolated from its accompanying 
nerve trunks, no form of mechanical manipulation, such as clamping or 
ligation, would produce a reflex disturbance. From these results they 
concluded that the walls of the peripheral vessels are insensible to pain- 
producing stimuli. : 

There are cretain deficiencies in all experiments of this type which 
limit their usefulness in interpretation of disease states in the human 
rganism. For instance, there is the question of oversimplification. 
Peripheral vascular disease is a pathologic process, infinitely more com- 
plex than the simple expedient of injecting an irritant solution into 
anormal vascular bed. But there is an even more fundamental criticism 
to be levied against the basic premise on which the conclusion was 
based that the peripheral blood vessels are insensible to pain. This 
premise is the assumption that since pseudoaffective reactions did not 
attend direct stimulation of the blood vessel wall the animal would not 
have felt pain had it been possessed of all its faculties. Pseudoaffective 
responses are by no means a sensitive indicator of pain. The fore- 


gomg case illustrates that the mechanism of pain production in the 


presence of peripheral vascular disease is at times inexplicable unless 


the presence of intrinsic vascular sensibility to pain-producing stimuli 


is assumed. 


The following case illustrates that the trauma giving rise to the 
reflex vasomotor disturbance may be of internal origin. 


Case 2—Mrs. S. A., a 55 year old white woman, was seen in August 1940. 
She stated that for many years she had been troubled with numbness and tingling 
in the fingers of her left hand. However, she had not been particularly con- 
cerned until recently, when severe aching pain in the wrist and hand had appeared ; 
when the wrist became suddenly stiff and swollen, she became alarmed and 
sought relief, 

Examination—Neurologically the patient presented marked muscular weakness 


+} 


the distribution of the ulnar nerve in the left hand. She was unable to flex 
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the fifth finger, and there was conspicuous atrophy of the ulnar side 
forearm. There was also a marked diminution of cutaneous sensibility ; 
peripheral distribution of the ulnar nerve. 


n the 
These signs and symptoms sugvested 
the presence of a cervical rib; so a roentgenogram was taken of the lowe; 
of the cervical portion of the spine. No cervical ribs were present, but 
transverse processes of the last cervical vertebra were enlarged. 

In addition to these neurologic findings, there was evidence of a well estab- 
lished vasomotor disturbance. The hand was cold and covered with perspira 
tion. There was firm, painful edema, which appeared to involve the sheaths of 
the flexor tendons of the wrist. Motion of the wrist joint was impossible because 
of this edema. Roentgen examination showed marked decalcification of the 
bones of the hand and of the wrist joint. The upper end of the right thoracic 
trunk was anesthetized with procaine hydrochloride. Within a few minutes of 
the injection the pupil constricted and the hand became hot and dry. Within 
thirty minutes the edema had subsided so that the patient was able to move the 
wrist joint without pain. Relief persisted for several hours. The block was 
repeated one week later, with similar transient relief. A diagnosis of scalenus 
anticus syndrome with reflex vasospastic dystrophy was made, and operation 
was advised. A Telford sympathectomy ?° through the supraclavicular approach 
was considered the procedure best suited to the needs of this patient. To expose 
the sympathetic trunk through the posterior cervical triangle, section of the scalenus 
anticus muscle is necessary. It would thus be possible to relieve the entire 
condition with a single operation. Within twenty-four hours after the operation 
the edema about the wrist joint had subsided; the pain in the hand and wrist 
joint had disappeared, and active motion of the wrist joint was again possible 
The paresis of the ulnar nerve and the anesthesia have also disappeared, but 
more slowly. 


part 
the 


The following case illustrates the more conservative method of 
handling traumatic vasospastic dystrophy by means of procaine blocks 
of the reflex sympathetic pathways combined with treatment directed 
toward healing the exciting lesion. 


Case 3.—I. P. came under observation March 11, 1940. In January she had 
fallen and had dislocated her right shoulder joint. After reduction the injured 
shoulder became increasingly painful and stiff. In addition, she began to experience 
severe pain in the hand; the fingers became swollen, and motion of the fingers was 
limited by the painful swelling. 

Examination —When first seen, the arm was kept pressed to the side of the 
body, and the painful hand was supported by the other. There was diffuse 
tenderness about the right shoulder joints, and any motion, either passive or 
active, was impossible. The hand was cold and covered with perspiration. The 
fingers were edematous, and the skin was tense and shiny. Motion of the fingers 
was impossible because of the firm, painful edema. Roentgen examination oi 
the shoulder and of the hand showed spotty decalcification. A diagnosis of a chronic 
injury to the periarticular structures of the right shoulder joint with reflex vaso- 
spastic dystrophy was made. The upper end of the right thoracic sympathetic trunk 
was blocked with procaine hydrochloride. Within a short time the right hand 
became warm and dry and the pain disappeared. It was then possible to abduct 


10. Telford, E. D.: The Technique of Sympathectomy, Brit. J. Surg. 23: 
448, 1935. 


drome 
from 
dre yi 


nisms 


anxie 
pain 1 
the fc 
circle 
sures 
psych 


treatt 


104 





ATLAS—TRAUMATIC VASOSPASTIC DYSTROPHY 1047 


the right arm passively to an angle of 90 degrees without pain. An airplane 
splint was applied. From that time on improvement was rapid. The splint was 
vorn for several weeks and then discarded. The block was repeated once for 
ome residual pain in the hand. At present the patient is free from symptoms; 
an adequate range of motion has been restored to the shoulder and hand, and 
the hand is normal in appearance. 


COM MENT 


| have been impressed with the fact that in all cases of this syn- 
drome which I have personally observed the patients were suffering 
irom a severe anxiety neurosis. The psychologic aspects of the syn- 


drome have been stressed by other observers. The emotional mecha- 
nisms involved are not entirely clear. However, it seems that 
long-continued and unrelieved painful stimulation of sympathetic nerve 
tissue is in itself capable of producing profound anxiety. If free floating 
anxiety is already present, the addition of further anxiety resulting from 
pain referable to the sympathetic nervous system not only may reenforce 
the former but may serve to focus it on the painful part. A vicious 
circle may thus be established. For that reason, only therapeutic mea- 
sures which are likely to relieve the pain should be employed. From a 
psychologic point of view, treatment which fails is worse than no 
treatment. 


10465 Carnegie Avenue. 
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The inadequately treated child with hypothyroidism may present 
diagnostic problems related to growth, and because of this a tendency 
has arisen to ascribe to understature an element of anterior pituitary 
growth deficiency and to administer anterior pituitary extracts contain- 
ing the growth-stimulating factor, exclusively or combined with wholl 
inadequate thyroid therapy. The pallor associated with this condition 
occasionally leads to a diagnosis of secondary anemia of unknown cause. 
The constipation, protuberant abdomen and megacolon that may be 
observed in the inadequately treated cretin may be mistaken for Hirsch- 
sprung’s disease. We are presenting a case in which these diagnostic 
difficulties were encountered. 


REPORT OF CASE 


In October of 1939 M. B., a white boy aged 15 years, was referred to the 
hematology department because of anemia. Hematologic studies, including a 
sternal puncture, revealed an anemia which was not characteristic of any definite 
disease. This patient was referred to us in January 1940 because of his under- 
stature, for which he had received considerable amounts of growth-promoting 
material prior to his entrance into our institution, without any appreciable results. 
Our impression from a cursory examination was that of thyroid deficiency (fig. 1). 
We were especially interested in learning that a lumbar sympathectomy had been 
performed for Hirschsprung’s disease. 

M. B. was the fourth child. He was born at full term, weighing 10 pounds 
(4,535 Gm.). His condition at birth was apparently good. He presented a diffi- 
cult feeding problem. The developmental processes were definitely retarded. He - 
was slow in holding his head erect, sitting and crawling; he walked at 30 months Fig 
and began talking at 32 months. Eczema was present in infancy, and he con 
tracted pertussis, with an apparently uncomplicated, uneventful recovery. His trunk 
father (70% inches [178 cm.] tall) is living and well, as is also the mother (63 and | 
inches [160 cm.] tall), who underwent a thyroidectomy twenty years ago. There prom« 
are 4 siblings living and well; 3 are older and 1 younger than our patient. He a 
There is no other history of endocrine disturbance in the family. result 


Pee Sage CSE In 


From the Department of Pediatrics (Endocrine Clinic), University of Illinois phleg 
College of Medicine, and the Research and Educational Hospital. inche: 


1. Rowntree, L. G.: Thyroid Therapy in Juvenile Myxedema, J. Pediat. 16: norm: 
770 (June) 1940. men 
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At about 2% years of age, because of slow growth, constipation, a large 
abdomen and an umbilical hernia, M. B. was taken to a physician, who made a 
diagnosis of cretinism. From this period to the age of 13 years he received 
thyroid, % grain (0.03 Gm.) daily. The parents report that during this time his 

‘wth was very slow; the pallor persisted; the abdomen became progressively 
larger, and constipation persisted, with large, hard stools every two or three days. 

In March 1938 the parents sought further medical attention. At this time the 
child’s condition was diagnosed as Hirschsprung’s disease, for which the presacral 
nerve and the last three lumbar sympathetic ganglions with the intervening 


Fig. 1—Photograph of M. B. taken in February 1940, at the age of 15 years. 


trunk were removed. After this operation the thyroid therapy was discontinued 
and he was treated with an anterior pituitary extract containing the growth- 
promoting factor for a period exceeding a year, without any response in growth. 


He also received large doses of stomach U. S. P. (ventriculin) and iron, which 
resulted in no change in his anemia. 

In January 1940, when he first saw M. B., examination revealed him to be 
phlegmatic and dwarfed. He weighed 61 pounds (27.7 Kg.) and measured 4834 
inches (124 cm.), which is 40%4 pounds (18 Kg.) and 1334 inches (35 cm.) below 
normal for his age. His span was 483 inches (123 cm.); the upper measure- 
ment (pubis to vertex), was 25% inches (63 .cm.), and the lower (pubis to sole), 
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2354 inches (59 cm.). The bi-iliac measurement was 85% inches (21 cm.). Marked 
pallor was present. The skin was dry, and the scalp hair was coarse. The pupils 
reacted to light and in accommodation. The ocular fundi and the visual fields 
were normal. He had twenty-three teeth, which were mottled; a number had 
cavities, and some were deciduous. The neck was short, and the thyroid area y 
bare, giving the examiner the sensation of palpating a naked trachea. Supra- 
clavicular fat pads were present. The heart and lungs were apparently normal. 
The systolic blood pressure was 100 mm. of mercury ; the diastoiic pressure, 80 mm. 
The abdomen was protuberant, measuring 244 inches (60 cm.) in circumference. 
The circumference of the chest was 25% inches (64 cm.); that of the head was 
21 inches (53 cm.). Examination of the genitalia revealed a small penis and small 
testes which had descended into the scrotum. Rectal examination did not disclose 
anything palpable that could be identified as the prostate. Axillary and pubic hair 
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Cholesterol. . 348 263 212 


Thyroid (total received) None 53 grains 113 grains 
(2.5 Gm.) (6.7 Gm.) 
White 
Hemo- Blood Lympho- Mono- Neutro- Eosino- 
globin s Cells cytes cytes phils phils 
P cckeuasan as 70% 3.5 7.8 3% 6 56 
3/40... : 70% 16 7.4 4: 4 49 


3/40 80% 5.25 9.8 38 9 51 


Dextrose tolerance—2 dose, 1 hour test 
(Exton-Rose method) Fasting After % Hour After 1 Hour 
2/16 95 154 


Electrocardiogram 
2/14/40 CRS slurred in all leads; Si to 4 present 
QRSs low; Ts low, diphasic 
10/1/40 Ra and T: higher; Se and Te deeper and higher 


Miscellaneous data 
Urinalyses, the Kahn serologic test and the Mantoux test (1.1,000) gave negative results 
The values for calcium and for inorganic phosphorus before therapy were respectively 
9.9 mg. and 4.5 mg. per hundred cubic centimeters of serum 





were absent. Psychologic studies made in March 1940 revealed an intelligence 
quotient of 78, which classified M. B. as a “borderline defective.” 

Laboratory Studies—Roentgenograms of the wrists and knees taken in Feb- 
ruary 1940 revealed delayed ossification, the growth corresponding to that of a 
child 8 or 9 years old. Cross striations indicative of disturbance in growth were 
noted in the metaphyses. The sella turcica was within normal limits. A com- 
plete gastrointestinal study revealed no organic lesions. The colon, after an 
enema of an opaque substance, showed redundancy and dilatation suggestive of 
megacolon. 

The patient cooperated during determinations of the basal metabolic rate. The 
laboratory data are presented in the form of a table. 

Subsequent Course—M. B. was given 1 grain (0.06 Gm.) of thyroid daily 
for two weeks; then the dose was increased to 2 grains (0.12 Gm.) daily. Ample 
vitamins were also prescribed. On June 14, 1940, in a little over three months 
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(fg. 2), the supraclavicular fat pads had disappeared; the boy had grown 1% 
incnes (3 cm.) and lost 84% pounds (3.8 Kg.). The abdominal girth had decreased 
31, inches (8 cm.). His color was better. He was no longer constipated. 
During this time a number of teeth had erupted. His general reactions and his 
speech were improved.2 On October 1 he was no longer recognizable as a cretin; 
a complaints were present, and he had made a further gain in height of 1% 
inches and regained 6 pounds (2.7 Kg.), a total increase in stature of 234 inches 
in approximately seven and one-half months. On November 6, when last seen, 
he had gained a further 2% pounds (1.2 Kg.). 


Fig. 2—M. B. in June 1940 (A), photographed beside a younger brother (8). 


COMMENT 
M. B. was recognized as a cretin at the age of 2% years, the 
symptoms apparently dating from infancy. We cannot be certain that 
this boy had congenital hypothyroidism. Roentgenograms of the knee 
at this period, revealing an absence of the distal femoral epiphysis, 


would have confirmed the diagnosis of congenital hypothyroidism. 


Schreiber, S. L.; Bronstein, I. P., and Brown, A. W.: Speech Studies in 
etins: Speech Sounds, J. Nerv. & Ment. Dis. 92:169 (Aug.) 1940. 
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Whether pertussis at the age of 6 months played a part in the picture js 
questionable. We have had a patient with juvenile hypothyroidism who 
developed normally up to the age of 2 years, at which time she acquired 
pertussis. From then on her growth and development were greatly 
retarded, and an erroneous diagnosis of postpertussis encephalitis was 
made. She improved rapidly with thyroid therapy. 

In our experience with cretins we have frequently encountered chil- 
dren who were considerably undersized and whose history revealed 
inadequate or sporadic treatment with thyroid. Since thyroid deficiency 
is one of the important factors in the causation of understature, such 
children should be studied diagnostically before the possibility of hypo- 
thyroidism is dismissed. Frequently the history and the results of physical 
examination enable the physician to make a correct diagnosis. At times 
a more comprehensive study may be indicated. Determination of the 
basal metabolic rate as ordinarily made and interpreted is not satisfactory 
in the cases of young children. With infants the basal metabolic rate can 
be determined only by the use of a respiratory chamber, but this is not 
usually feasible. With older children the basal rates are unreliable 
because of lack of cooperation. When accurate basal metabolic deter- 
minations are difficult to obtain, studies of ossification of the wrist and 
knee are valuable, marked retardation being associated with cretinism. 
Hypercholesteremia * and decrease or absence of urinary excretion of 
creatine are also important aids in the diagnosis of hypothyroidism. 

In our experience, adequate dosage is determined by physical, osseous 
and mental growth and by the avoidance of severe toxic symptoms. 
Since a rigid table of dosage is impracticable, we prescribe the following 
average doses. This regimen has given satisfactory results in a series 
of 50 patients with hypothyroidism whom we have had under our care 
for the past ten years. 

Age Daily dose of thyroid 
6 months to 1% years Y% to 1% grains (0.03 to 0.09 Gm.) 


12 years to 8 years 1 to 3 grains (0.06 to 0.18 Gm.) 
& years to adolescence 1% to 3 grains (0.09 to 0.18 Gm.) 


Not infrequently it has been necessary for us to employ much larger 
doses than those mentioned in order to obtain optimal responses. 
M. B. did not show any increase in his rate of growth after con- 


siderable treatment with an anterior pituitary extract containing the 
growth-promoting factor, but with ample doses of thyroid he made 
spectacular progress. We have found thyroid to be a remarkable growth 


3. Bronstein, I. P.: (a) Studies in Cretinism and Hypothyroidism in Child- 
hood: Blood Cholesterol, J. A. M. A. 100:60 (May 27) 1933; (b) Hypothy- 
roidism in Children, Am. J. Dis. Child. 47:913 (April) 1934. 
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stimulant for our patients with hypothyroidism. Persistent, continuous 
ind adequate therapy has resulted in good physical development even 


r 


vhen we began treatment as late as 7 years of age.* Fair physical 


Wil 


levelopment resulted when treatment was started between 7 and 11 
vears of age. Mental development is dependent on recognition and 


adequate treatment under the first year.° 

Anemia is usually a part of the picture of hypothyroidism. M. B. 
did not respond to large doses of stomach U.S.P. and iron, but his 
anemia was improved by thyroid therapy. 

In those of our patients with hypothyroidism who were children, 
constipation, a protuberant abdomen and umbilical hernias were con- 
stant symptoms. In cases in which roentgenograms of the colon were 
taken after a barium sulfate enema, megacolon was found. In no 
instance did we encounter persistence of these symptoms after ample 
thyroid therapy. 

CONCLUSIONS 

The inadequately treated child with deficiency of the thyroid may 
present symptoms simulating other conditions and leading to diagnostic 
errors. 

Our patient’s symptoms were on the basis of thyroid deficiency and 
were corrected by adequate thyroid therapy. 

The understatured child should have the benefit of a diagnostic 
study to exclude hypothyroidism. 


1819 West Polk Street. 


1180 East Sixty-Third Street. 

4. Bronstein, I. P.: Unpublished data. 

5. (a) Bronstein, I. P., and Brown, A. W.: Hypothyroidism and Cretinism 
n Childhood: Mental Development, Am. J. Orthopsychiat. 4:413 (July) 1934. (b) 
Brown, A. W.; Bronstein, I. P., and Kraines, R.: Hypothyroidism and Cretinism 
1 Childhood: Influence of Thyroid Therapy on Mental Growth, Am. J. Dis. 

ild. 57:517 (March) 1939. 





A COMPARISON OF THE EFFECTS OF HEAT 
AND THOSE OF COLD IN THE PREVEN. 
TION AND TREATMENT OF SHOCK 


ALFRED BLALOCK, M.D. 
AND 
M. F. MASON, Ps.D. 


NASHVILLE, TENN. 


There has been a revival of interest in recent years in the reactions 
of living matter to changes in temperature. From the therapeutic point 
of view the effects of fever therapy in the treatment of infections, of 
low temperatures in the retardation of growth of cancer * and of cooling 
parts with deficient circulation in the prevention of gangrene? have 
been studied. In addition to determining the effects of different tem- 
peratures on the local tissues in which the circulation was inadequate, 
Allen *” found that constriction of the circulation of the thigh is more 
apt to be accompanied with shock if the local temperature is high than 
if it is low. 

Because of the variability in individual responses to various means 
of producing shock, such as trauma and the removal of blood, it is 
extremely difficult to compare the effects of various therapeutic agents. 
In other words, the variation in the individual responses to trauma or 
bleeding may be greater than the difference in the effects of two methods 
of therapy. For this reason rather extreme alterations of temperature, 
both above and below the normal level, have been brought about in order 


that the difference in effects might be more clearly discernible. It is to 


From the Departments of Surgery and Biochemistry of Vanderbilt University. 

Aided by grants from the Division of Medical Sciences of the Rockefeller 
Foundation and the Josiah Macy Jr. Foundation. 

1. Smith, L. W., and Fay, T.: Temperature Factors in Cancer and Embryonal 
Cell Growth, J. A. M. A. 113:653 (Aug. 19) 1939. 

2. (a) Starr, I., Jr.: On the Use of Heat, Desiccation and Oxygen in the Local 
Treatment of Advanced Peripheral Vascular Disease, Am. J. M. Sc. 187:498, 
1934. (b) Allen, F. M.: Surgical Considerations of Temperature in Ligated Limbs, 
Am. J. Surg. 45:459, 1939; (c) The Tourniquet and Local Asphyxia, ibid. 41:192, 
1938; (d) Effects of Ligations on Nerves of the Extremities, Ann. Surg. 108: 1088, 
1938; (e¢) Physical and Toxic Factors in Shock, Arch. Surg. 38:155 (Jan.) 1939. 
(f) Freeman, N. E.: Influence of Temperature on the Development of Gangrene 
in Peripheral Vascular Disease, ibid. 40:326 (Feb.) 1940. (g) Brooks, B., and 
Duncan, G. W.: The Effects of Temperature on the Survival of Anemic Tissue, 
Ann. Surg. 112:130, 1940. 
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be understood that the alterations in body temperature were so great in 
many of the experiments that no conclusions regarding the treatment of 
chock in man can be drawn. On the other hand, it is believed that the 
results portray fairly accurately the effects of marked degrees of heat 
and cold on animals in incipient or fully developed shock. 


METHODS AND RESULTS 


Large animals were used in all experiments, and pain was prevented by the use 
f yarious anesthetic agents, the choice of the agent varying with the method used 
for producing the shock. One of the two methods for producing shock consisted 
{ the removal of blood from the femoral artery. In some experiments blood 
equaling 3 per cent of the body weight was removed during a thirty minute period, 
and heat or cold was then applied. In other experiments blood was removed from 
the control and from the experimental animals until equal declines in the blood 
pressure (to about 75 mm. of mercury) had been caused, and heat or cold was 
applied to 1 of the 2 animals. The second method of producing shock consisted of 
traumatization of one of the posterior extremities of the deeply anesthetized animal. 
Heat or cold was applied approximately thirty minutes after the cessation of the 
trauma. A depression of temperature was produced by partially surrounding the 
animal with rubber bags which contained crushed ice. An elevation of temperature 
was caused by placing the animal, covered with a blanket, on a metal table which 
had electric lights encased beneath it. Observations were made of the arterial 
blood pressure, the pulse rate, the respiratory rate, the hematocrit reading, the 
rectal temperature and the duration of survival. 

Hemorrhage-——As has been stated, blood equaling approximately 3 per cent 
of the body weight was removed in some experiments, while in others sufficient 
blood was removed to reduce the blood pressure to a given level. Because of the 
individual variation in susceptibility to hemorrhage, the results of the latter experi- 
ments are believed to be the more significant. 


(a) Removal of Blood Equal to Approximately 3 per Cent of the Body Weight 
or Approximately One Third of the Blood Volume: Morphine was used as the 
anesthetic in these experiments. The blood was removed intermittently over a 
thirty minute period, and heat or cold was applied, except in the control experi- 
ments, approximately thirty minutes afterward. Of the control animals, which 
totaled 14, 5 recovered, and the average duration of life of the remaining 9 follow- 
ing bleeding was three hours and thirty-three minutes. There were 9 experiments 
in which, after bleeding, the animals were exposed to heat; the average elevation 
of the rectal temperature was 3.7 degrees C. (6.6 degrees F.). All of the animals 
died, the average duration of life being five hours and twenty-nine minutes. There 
were 8 experiments in which the effects of hemorrhage and cold were studied. The 
average depression of the rectal temperature was 12.3 degrees C. (22 degrees F.). 
All of the animals died, the average duration of life being eleven hours and thirty- 
six minutes. It is to be noted that the application of heat or cold of these rather 
extreme degrees did not increase the chances of survival. The animals exposed to 
cold lived twice as long as those exposed to heat. 

Transfusions of large quantities of blood were used in the treatment of 4 animals 
in which the blood pressure had been reduced by bleeding and cold had been 
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applied. The blood pressure had been at a low level for from two to six hours 
before treatment by transfusion was begun. Only 1 of the 4 dogs recovered, and, 
rather strangely, the blood pressure had been at a low level for six hours before 
the massive transfusion was begun. 


(b) Reduction of the Blood Pressure to a Given Level by Hemorrhage: 
Approximately ninety minutes was allowed for the reduction of the blood pres- 
sure to the desired level, which in most instances was about 75 mm. of mercury. 
The experiments were performed in pairs, dogs of approximately the same body 
weight and size being used. The blood pressure was reduced by hemorrhage to 
the same level in the 2 animals; 1 animal was used as a control, and heat or cold 
was applied to the other. Pentobarbital sodium, 25 mg. per kilogram of body 
weight, was used as the anesthetic agent in most of the experiments. ; 

Eleven pairs of experiments were performed in which the effects of cold were 
studied. The average quantity of blood removed from the controls was 2.41 per 
cent of the body weight, and the amount was 2.73 per cent in the animals subjected 
to cold. The blood pressure was reduced to approximately 75 mm. of mercury. 
Comparison of the 11 pairs of experiments shows that the control animal lived 
longer in 3 instances ; the experimental animal (with reduced temperature) survived 
longer in 7 instances, and the duration of life was the same in 1 pair. One animal 
in each series recovered. Excluding these, the average duration of life of the 
controls (after cessation of bleeding) was eleven hours and twenty minutes, and 
that of the experimental animals, sixteen hours. The reduction of the rectal 
temperature in the cold group ranged from 3.6 to 7.65 degrees C. (6.4 to 13,7 
degrees F.), the average being 5.9 degrees C. (10.6 degrees F.). The results 
suggest that the reduction of temperature was beneficial from the point of view of 
increasing the duration of life, but there is no evidence that this procedure increases 
the likelihood of survival. 

Seven pairs of experiments were performed in which the effects of heat were 
studied. In 6 of the 7 pairs of experiments the animal in which the body temp- 
erature was elevated by the application of heat died before the control, and the 
duration of life was the same in the remaining pair. Two of the control animals 
recovered. The duration of life of the remaining 5 controls was eight hours and 
three minutes, whereas that of the 7 animals subjected to heat was three hours and 
fifty minutes. The blood pressure had been reduced to the same level (approxi- 
mately 75 mm. of mercury) in the two groups. The elevation of the rectal tempera- 
ture ranged from 3.2 to 4.3 degrees C. (5.7 to 7.7 degrees F.), the average elevation 
being 3.8 degrees C (6.8 degrees F.). The results indicate that the application of 
heat of this degree decreases both the survival period and the chances of recovery. 


Trauma.—Pain was prevented by the use of morphine and ether. Eight 
experiments were performed in which the effects of trauma and exposure to heat 
were studied, and 15 experiments were carried out in which the effects of trauma 
and exposure to cold were determined. The local fluid loss was about the same 
in the two groups but was less than that usually encountered following this type 
of trauma when neither heat nor cold is applied. The decline of the rectal 
temperature in the experiments in which cold was applied ranged from 4.4 to 10.7 
degrees C. (9 to 19.2 degrees F.), the average being 6.6 degrees C. (11.8 degrees 
F.). The elevation of temperature in the experiments on heat ranged from 1.6 to 
5.6 degrees C. (2.8 to 9.8 degrees F.), the average being 3.6 degrees C. (6.4 degrees 
F.). The most striking differences in the two groups were that the animals which 
were exposed to cold lived twice as long (six hours and thirty-five minutes) as did 
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those exposed to heat (three hours and six minutes) and that 1 of the animals 
exposed to cold recovered. These experiments simply show that the period of 
survival following traumatization is usually longer when the temperature is rather 
markedly depressed than when it is considerably elevated. 

One of the most striking differences in the effects of heat and those of cold 
was found in the length of time for which the blood pressure remained at a low 
level before death. This was noted both in the experiments on hemorrhage and 
in the experiments on trauma. When the temperature of the animal was consider- 
ably elevated death usually occurred shortly after the critical level was reached or 
passed. On the other hand, when the temperature of the animal was significantly 
depressed it was noted frequently that the blood pressure remained at a low level 
for a number of hours preceding death. The feces during the period of prolonged 
low blood pressure contained blood. Examination of the intestinal tract subse- 
quently revealed gross hemorrhage. Another observation (and one to be anticipated) 
was that the venous blood of the animals exposed to cold was unusually bright in 
color. Determinations of the oxygen content were not performed in our studies but 
have been reported previously by Goldschmidt and Light. 

The effects of local rather than general application of heat and cold were 
determined in a few experiments. Additional observations are necessary, and they 
will be reported subsequently. 


COMMENT 


A number of observers have found that vasoconstriction accompanies 
secondary or hematogenic shock except in the terminal stages. The 
degree of reduction of the blood flow to all the tissues is not the same. 
Gesell * found that a decrease in the blood volume of less than 10 per 


cent when produced by hemorrhage may elicit through vasoconstriction 
of central origin a decreased flow of blood through the submaxillary 
gland of more than 60 per cent even though accompanied with a rise 
of blood pressure. The blood flow to the extremities is more greatly 
reduced in the presence of secondary shock than is that to the more vital 
structures, such as the brain, heart and adrenal glands. This raises the 
question of the effects of heat and cold on the partition of the blood 
flow in shock. Actual measurements are not available, but other obser- 
vations permit discussion of this point. 

Prinzmetal and Wilson ® found in the normal arm an increase from 
a blood flow of 1.7 cc. per hundred centimeters per minute in a bath 
at 24 C. to one of 14.9 cc. in a bath at 45 C. Benson ® found an increase 


3. Goldschmidt, S., and Light, A. B.: The Effect of Local Temperature upon 
the Peripheral Circulation and Metabolism of Tissues as Revealed by the Gaseous 
Content of Venous Blood, Am. J. Physiol. 73:146, 1925. 

4. Gesell, R.: Studies on the Submaxillary Gland: IV. A Comparison of the 
Effects of Hemorrhage and of Tissue-Abuse in Relation to Secondary Shock, Am. 
J. Physiol. 47:468, 1918. 

5. Prinzmetal, M., and Wilson, C.: The Nature of the Peripheral Resistance 
in Arterial Hypertension with Special Reference to the Vasomotor System, J. Clin. 
Investigation 15:63, 1936. 

6. Benson, S.: Volume Changes in Organs Induced by the Local Application 
of External Heat and Cold and by Diathermy, Arch. Phys. Therapy 15:133, 1934. 
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in the blood volume of the foot and leg immersed in water at from 40 Cc. 
to 47 C. which averaged 2.76 per cent of the volume of the limb. Bazett ? 
said that simultaneous heating of the whole surface of the body should 
increase the blood content of the skin by 0.5 liter or more. In the 
normal subject this redistribution of the blood volume and the blood 
flow may occur without resulting harm. When the blood volume js 
significantly reduced as a result of hemorrhage or trauma, the increase 
in the blood content of the skin and muscle following the application 
of excessive heat will be accompanied with a reduction of the blood 
flow to the more vital structures, and additional harm will ensue. In 
addition to the vascular dilatation, the blood volume may be further 
reduced by the development of edema, which occurs more rapidly at 
the higher temperatures, as was shown by Landis and Gibbon.® 

The mechanisms involved in the vascular responses to heat and cold 
were discussed recently by Bazett.*. That a rise in central temperature 
may induce vasodilatation is supported by the findings of Gibbon and 
Landis,® who noted vasodilatation in the lower extremities in response 
to immersion of the forearms in warm water. In our experiments in 
which heat was applied there was a general elevation of temperature, 
including that of the internal organs, and there was probably general 
vasodilatation. In other words, the vasoconstriction of secondary 
shock was probably replaced by vasodilatation with a reduction in the 
effective volume of circulating blood. 

Another explanation of the beneficial effects of cold has as its basis the 
reduction of metabolism of tissue. No matter how shock is initiated, the 
ultimate cause of deterioration is peripheral stagnant anoxia, 1. e., lack 
of sufficient oxygen to maintain life in the cells of vital structures at 
ordinary temperatures. It is clear that two approaches to this dilemma 
may be made. The oxygen supply to the tissues can be increased to 
meet the existing demand, or the demand for oxygen can be reduced to 
meet the existing supply. Hypothermia, by lowering the rate of metab- 
olism, reduces the tissue requirement for oxygen. As tissue repair (for 
example, wound healing) occurs during hypothermia, it is possible that 
a capillary bed damaged by previous anoxia might become sufficiently 
repaired during prolonged hypothermia to make subsequent measures to 
restore blood volume and blood pressure by transfusion permanently 
effective. 


7. Bazett, H. C.: The Effect of Heat on the Blood Volume and Circulation, 
J. A. M. A. 111:1841 (Nov. 12) 1938. 

8. Landis, E. M., and Gibbon, J. H., Jr.: The Effects of Temperature and of 
Tissue Pressure on the Movement of Fluid Through the Human Capillary Wall, 
J. Clin. Investigation 12:105, 1933. 

9. Gibbon, J. H., Jr., and Landis, E. M.: Vasodilatation in the Lower Extremi- 
ties in Response to Immersing the Forearms in Warm Water, J. Clin. Investigation 
11:1019, 1932. 
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Our results are somewhat similar to those obtained by Allen ** in 
studies in which he constricted the circulation to the thigh. He found 
that when the ligated parts are refrigerated by being kept immersed in 
ice water the otherwise surely fatal ligations of the hindlegs for eight 
hours and of the abdomen for three hours can be carried out safely; 
that the changes in the blood are minimized, and that recovery occurs. 

It should be emphasized that this paper does not offer evidence 
to the effect that the time-honored custom of warming the patient in 
shock is a bad one. Neither is it proved (or believed, for that matter) 
that measures to reduce below normal the body temperature of patients 
in shock should be instituted. It is shown, at least in animals in shock, 
that excessive cold is preferable to excessive heat. It should be remem- 
bered that in the human being the extremities may be cold in the 
presence of shock because the inadequate circulation is diverted in part 
to more important structures and that attempts to warm the skin and 
adjacent tissues by artificial means may result in further impairment 
of the circulation to the essential and more easily damaged organs. We 
believe that the patient in shock should have adequate cover but that 
more drastic means to elevate the temperature of the skin should be 
used with great caution, if at all. Much more important than supply- 
ing heat artificially is the augmentation of the reduced blood volume 
by the intravenous introduction of whole blood or plasma. 


SUMMARY 

The effects of causing rather marked elevations or depressions of 
the body temperature of animals in shock as a result of hemorrhage or 
trauma have been determined. Significant elevations of temperature 
decrease the chance of life and shorten the period of survival. The appli- 
cation of cold does not increase the chance of survival but is accom- 
panied with a lengthening of the survival of an animal with a low blood 
pressure. Significant elevations of temperature cause more disastrous 
effects than do depressions of similar degree. 








PELVIC ACTINOMYCOSIS 


JOSEPH A. TUTA, M.D. Px.D. 
CHICAGO 


In 1934, Cornell* reviewed the literature on actinomycosis of the 
internal female genitalia and found 71 published cases, including those 
in which the process was listed as parametrial. In 1937, Lisa and 
Levine * found 5 additional cases in the literature and described 1 of 
their own. 


The history usually given is one of a chronic pelvic inflammatory 
condition, and in most cases it cannot be differentiated from other 
chronic pelvic inflammatory processes. The diagnosis may be made by 
examination of the pus obtained at colpotomy. However, in routine 
examinations the actinomycetes may easily be overlooked. The direct 
smears may show no evidence of actinomycosis, or the fragments of 
any hyphae present may easily be mistaken for long bacilli. Aerobic 
and particularly anaerobic cultures on appropriate mediums should be 
made. From surgical and autopsy material the diagnosis can be estab- 
lished by the characteristic structure of the ray fungi in the stained 
sections. Staphylococci may occasionally clump together, forming 
so-called botryomycetes, and under low magnification these resemble 
the ray fungus of actinomycosis. However, under high magnification 
the cocci are easily distinguished from the branched filaments of the 
ray fungi. 

The following 2 cases illustrate the usual chronic clinical course 
of the disease and the bad prognosis when the process has been present 
for some time. 


The cases are reported with the permission of Dr. Robert Coombs 

and Dr. Karl Gustin. 
REPORT OF CASES 

Case 1—A housewife 40 years of age was admitted to the Grant Hospital of 
Chicago on June 11, 1937. She had borne 1 child, six years previously. She 
complained of pain in the lower part of the abdomen, with nausea and vomiting. 
Burning on urination and a vaginal discharge had been present for two months. 
The white cell count was 30,700 per cubic millimeter of blood, with 90 per 


From the Grant Hospital of Chicago and the Department of Pathology, Uni- 
versity of Illinois School of Medicine. 


1. Cornell, V. H.: Actinomycosis of Tubes and Ovaries, Am. J. Path. 10: 
519, 1934. 


2. Lisa, J. R., and Levine, J.: Actinomycosis of the Tubes and Ovaries, Arch. 
Path. 23:53 (Jan.) 1937. 


1060 


cent pol 
obtainec 
to be in 
Six day 
with 77 

Thr 
part of 
millime 
tubes ; 
gradual 
Permis 

The 
ovary | 
tan an 
measur 
were n 


Fis 


tube 1 
the ri 
scopic 
of th 
actinc 
absce: 


C. 
on M 
was | 
whic 
week 

Ir 
drain 
sever 
An : 
disch 
mont 





TUTA—PELVIC ACTINOMYCOSIS 1061 


cent polymorphonuclear leukocytes. A colpotomy was performed, and the material 
obtained resembled “sawdust in a bloody fluid.” The bacterial flora was found 
to be intestinal in origin, but no particular studies were conducted to culture fungi. 
Six days after the operation the white cell count was 9,600 per cubic millimeter, 
with 77 per cent polymorphonuclear leukocytes. 

Three months later she returned to the hospital complaining of pain in the lower 
part of the abdomen. The white cell count at this time was 11,900 per cubic 
millimeter, with 83 per cent polymorphonuclear leukocytes. In March 1940 both 
tubes and both ovaries were removed. After the operation the temperature 
gradually rose to 106 F., and the patient died on the third postoperative day. 
Permission for an autopsy was not obtained. 

The tissue removed at operation consisted of the tubes and ovaries. The left 
ovary measured 4.5 by 3 by 3.5 cm. The surfaces made by sectioning were pale 
tan and were mottled with abscesses up to 8 mm. in diameter. The right ovary 
measured 2 by 2 by 1.5 cm. The surfaces made by sectioning were pale gray and 
were mottled with irregular yellow areas. The fimbriated end of the left fallopian 








Fig. 1 (case 1).—Cut surfaces of the ovary, with multiple small abscesses. 


tube was occluded. The wall was thickened up to 6 mm. The fimbriated end of 
the right tube was patent, and the wall was thickened up to 4 mm. The micro- 
scopic section of the left ovary showed numerous small abscesses. In the center 
of these abscesses were ray fungi with masses of mycelial threads, typical of 
actinomycosis. The right ovary showed inflammatory infiltrations but no typical 
abscesses with ray fungi. 


Case 2.—A housewife 33 years of age was admitted to the Grant Hospital 
on May 25, 1938. Her illness had begun on Jan. 5, 1936, when a ruptured appendix 
was diagnosed and conservative treatment was instituted for three weeks, after 
which a colpotomy was performed at another hospital. She returned several 
weeks later for an appendectomy. She left the hospital without any drainage. 

In May 1936 she complained of pain in the lower part of the abdomen and 
drainage from the site of the old appendectomy incision. The drainage continued for 
several months. Flexion of the left leg occurred, and the leg was placed in traction. 
An abscess in the left side of the pelvis was diagnosed and drained. She was 
discharged with draining sinuses on the left side. The sinuses closed after six 
months. 
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In April 1937 an abscess developed on the inner aspect of her left thigh. In 
September an abscess developed in the left buttock. In March 1938 ail the sinuses 
stopped draining. The patient complained of a return of abdominal pain. Drainage 
was instituted again, and the pain ceased. At the time of her admission to the 
Grant Hospital there were draining sinuses in the left thigh, in the buttocks and 
over the left anterior superior spine of the ilium. A rectovaginal fistula was present. 
The liver was enlarged a hand’s breadth below the right costal border. The spleen 
was palpable. Bronchopneumonia developed, and the patient died fifteen days 


after 
entering the hospital. 








Mel 





Fig. 2.—Colonies of ray fungi surrounded by pus cells and macrophages. x 112. 
) y Pp 


Autopsy.—The anatomic diagnosis was as follows: The pelvic organs were 
matted together by moderately firm adhesions. When these were broken, pockets 
of thick purulent material were opened in the cul-de-sac of Douglas and in the 
parametrial tissue. Beneath the parietal peritoneum on the left side there were 
purulent infiltrations, and these followed fascial planes and communicated with 
the sinal tracts leading to the surface of the skin. 

The uterus measured 6 by 4 by 2.5 cm. The endometrium was pale tan and 
slightly granular. The right ovary measured 6 by 4 by 4 cm. The surfaces made by 
sectioning were pale yellow and were mottled with irregular soft brown areas 
measuring up to 8 mm. Some of these areas were confluent. The right fallopian 
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tube could not be recognized grossly. The adnexal structures on the left were 
prolapsed and adherent by dense adhesions to the rectum. The liver weighed 4,250 
Gm., and the surfaces made by sectioning were mottled with yellow-gray, soft areas 
measuring up to 5 mm. in diameter. Many of these areas coalesced to form 
irregular formations. Pale yellow pus could be expressed from these areas. The 
spleen weighed 590 Gm., and the trabeculae were very distinct. Microscopic 
examination of the liver and the right ovary showed abscess formation with the 
characteristic ray fungi. 
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Fig. 3—Ray fungus, showing the feltlike branching mycelia. Gram-Weigert 
stain; x 600. 


COM MENT 


In most of the reported cases the ovaries, fallopian tubes and para- 
metrial tissue were involved. ‘These structures are usually involved 
secondarily from the cecum or the appendix. In the presence of a chronic 
pelvic inflammatory condition the history of a previous appendical 
abscess suggests the possibility of an actinomycotic infection. Drain- 
ing sinuses are suggestive. The infection spreads from the region of 
the cecum or the appendix either intraperitoneally or extraperitoneally 
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to involve the ovaries or the parametrial structures. According 
Blasek,® the initial lesion in the intestinal tract may be difficult to locate 

The right ovary is most frequently involved. Falls* reported a 
case of an ovarian abscess with actinomycotic involvement. He stated 
that only 3 cases of primary ovarian involvement have been reported 
and that it is very rare for the infection to originate in the uterus, ovaries 
or tubes and then spread to the ovary. Jaffé* discussed the literature 
on primary actinomycosis of the uterus. The infection followed injuries 
due to pessaries, abortions and, in 1 instance, prolapse of the uterus. 

Hall ® recently summarized the accepted postoperative treatment. 
Roentgen treatments are of value, as is the use of iodides and perhaps 
of thymol. Schuchardt? reported the use of a vaccine in the treatment 
of actinomycosis. 

Walker * reported a clinical cure after the use of sulfanilamide in 
the case of a young man with abdominal actinomycosis following rupture 
of the appendix. Miller and Fell® reported encouraging results with 
sulfanilamide in a boy 11 years of age with actinomycosis involving 
the lower abdominal wall. Recently, Ogilvie *° reported marked clinical 
improvement following the use of sulfapyridine in the case of a young 
woman with actinomycosis of the lower abdominal wall. 


SUMMARY 

Two cases of pelvic actinomycosis are reported. They illustrate 
the chronic and serious nature of the disease. One of the patients 
died a few days after operation ; the other had multiple draining sinuses 
and abscesses of the liver. Recent favorable reports in the literature 
on the treatment of actinomycosis with sulfanilamide and sulfapyradine 
may alter the serious prognosis. 

3. Blasek: Zur Klinik der Strahlenpilzerkrankung der inneren weiblichen 

Genitalien, Deutsche Ztschr. f. Chir. 236:655, 1932. 

4. Falls, F. H.: Actinomycosis of the Ovary, Am. J. Obst. & Gynec. 34: 
1033, 1937. 

5. Jaffé, R. H.: Actinomycotic Granules in a Retention Cyst of the Cervix 
Uteri, Am. J. Obst. & Gynec. 33:671, 1937. 

6. Hall, E. L.: Genital Actinomycosis of Internal Female Genitalia, with 
Report of a Case, Am. J. Obst. & Gynec. 39:524, 1940. 

7. Schuchardt, K.: Zur Vaccinetherapie der Aktinomykose, Arch. f. klin. Chir 
196:656, 1939. 

8. Walker, O.: Sulfanilamide in the Treatment of Actinomycosis, Lancet 1: 
1219, 1938. 

9. Miller, E. M., and Fell, E. H.: Sulfanilamide Therapy in Actinomycosis, 
J. A. M. A. 112:731 (Feb. 25) 1939. 

10. Ogilvie, W. H.: Abdominal Actinomycosis Treated with Sulfapyridine, Brit 
M. J. 2:254, 1940. 





BASIS AND TREATMENT OF CALCIFICATION OF 
TENDINOCAPSULAR TISSUES, ESPECIALLY 
THE SUPRASPINATUS TENDON 


CHARLES J. SUTRO, M.D. 
AND 


LAWRENCE J. COHEN, M.D.* 
NEW YORK 


Much has been written regarding the treatment of calcification of 
tendinocapsular tissues, especially in the region of the supraspinatus 
tendon. Little attention, however, has been paid to the question of 
the cause of this abnormal deposition of calcium. Most writers support 


* Brown Orthopedic Research Fellow. 

From the Orthopedic and Laboratory Divisions, Hospital for Joint Diseases. 

The alpha tocopherol acetate used in this study was supplied by Hoffmann- 
La Roche, Inc. 

1. (a2) Brickner, W. M.: Pain in the Arm: Subdeltoid (Subacromial) 
Bursitis; a Further Study of Its Clinical Types, Pathology and Treatment, J. A. 
M. A. 69:1237-1242 (Oct. 13) 1917. King, J. M., Jr., and Holmes, G. W.: The 
Diagnosis and Treatment of Four Hundred and Fifty Painful Shoulders, ibid. 
89: 1956-1960 (Dec. 3) 1927. (b) Resnik, J.: Physiotherapy in Subdeltoid Bur- 
sitis, Physical Therap. 47:322-329, 1929. (c) Titus, N. E.: Electrical Treatment 
of Subdeltoid Bursitis, Am. J. Surg. 6:318-334, 1929. (d) Deering, G. E.: 
Physical Treatment of Subacromial Bursitis, Physical Therap. 48:362-366, 1930. 
(e) Carnett, J. B.: The Calcareous Deposits of So-Called Calcifying Subacromial 
Bursitis, Surg., Gynec. & Obst. 41:404-421, 1925; So-Called Calcifying Sub- 
acromial Bursitis, Radiology 17:505-513, 1931. (f) Mumford, E. B., and Martin, 
J. F.: Calcified Deposits in Subdeltoid Bursitis, J. A. M. A. 97:690-694 (Sept. 5) 
1931. (g) Tavernier, M. L.: Les calcifications périarticulaires de l’épaule, Bull. 
Soc. nat. de chir, 58:956-960, 1932. (h) Gwynne, F. J., and Robb, D.: Calcareous 
Deposits in Supraspinatus Tendon and Subacromial Bursa, Australian & New 
Zealand J. Surg. 4:153-164, 1934. (i) Haggart, G. E., and Allen, H. A.: Painful 
Shoulder: Diagnosis and Treatment with Particular Reference to Subacromial 
Bursitis, S. Clin. North America 15:1537-1560, 1935. (7) Didiée, J.: Raideurs et 
douleurs de l’épaule. La part de la physiothérapie dans leur traitement, Médecine 
17: 437-453, 1936. (k) Echtman, J.: Traumatic Subdeltoid Bursitis: Treatment 
by Physical Medicine, New York State J. Med. 36:503-506, 1936. (/) Ferguson, 
L. K.: Painful Shoulder Arising from Lesions of Subacromial Bursa and Supra- 
spinatus Tendon, Ann. Surg. 105:243-256, 1937. (m) Lattman, I.: Treatment of 
Subacromial Bursitis by Roentgen Irradiation, Am. J. Roentgenol. 36:55-60, 1937. 
(n) Patterson, R. L., and Darrach, W.: Treatment of Acute Bursitis (Subdeltoid) 
by Needle Irrigation, J. Bone & Joint Surg. 19:993-1002, 1937. (0) Feldman, L.: 
Short Wave Diathermy in Subdeltoid Bursitis, Arch. Phys. Therapy 18:411-414, 
1937. (p) Rubert, S. R.: Subacromial Bursitis, Arch. Surg. 37:619-641 (Oct.) 
1938. (q) Ellis, V. H.: Supraspinatus Lesions, Proc. Roy. Soc. Med. 31:451- 
453, 1938. (r) Troedsson, B. S.: Diathermy in Calcium Deposits Around Sub- 
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the idea that trauma is the main causative agent. We felt it difficult 0 
accept this opinion, since our experience included several subjects pre- 
senting multiple widespread areas of calcification without any clearcut 
evidence of trauma (accompanying illustration). In fact, it appears 
that calcification of the tendinocapsular tissues may be the result of a 
general disorder, possibly metabolic, and that any traumatic influence 
present merely precipitates the onset of local symptoms.’ 

Along these lines we noted the interesting experiments of Goettsch 
and Pappenheimer, Evans and others, which showed the production of 
degeneration, necrosis and calcification of voluntary muscle fibers in 
certain animals fed a diet deficient in vitamin E.* Recently, additional 


acromial Bursa and Supraspinatus Tendon, Arch. Phys. Therapy 19: 166-172, 1938. 
(s) Leriche, R., and Jung, A.: Traitement des calcifications sous-deltoidiennes 
par l’infiltration novocainique, Rev. de chir., Paris 76:382-385, 1938. (t) Bettman, 
E.: Pathology and Therapy of “Shoulder Joint Complex,” Am. J. Surg. 41:201- 
212, 1938. () Mustakallio, S.: Ueber die Roentgen behandlung der Peri- 
arthritis humeroscapularis, Acta radiol. 20:22-32, 1939. (wv) Rogers, M. H.: 
Treatment of Subdeltoid Bursitis, Am. J. Surg. 43:292-297, 1939. 

2. (a) Codman, E. A.: Bursitis Subacromialis or Periarthritis of the 
Shoulder Joint, Boston M. & S. J. 154:613-620, 1906; The Shoulder, Boston, 
The Author, 1934. (b) Brickner, W. B.: Prevalent Fallacies Concerning Sub- 
acromial Bursitis: Its Pathogenesis and Rational Operative Treatment, Am. J. 
M. Sc. 149:351-364, 1915. (c) Moschowitz, E.: Histopathology of Calcification 
of the Spinatus Tendons as Associated with Subacromial Bursitis, ibid. 150:115- 
126, 1915. (d) Harbin, M.: Deposition of Calcium Salts in the Tendon of the 
Supraspinatus Muscle, Arch. Surg. 18:1491-1512 (June) 1929. (e¢) Jung, A., and 
Brunschwig, A.: Calcification de labourse séreuse sous-acromiale et métabolisme 
caicique Jocal, Rev. de chir., Paris 50:611-616, 1931. (f) Elmslie, R. C.: Cal- 
careous Deposits in the Supraspinatus Tendon, Brit. J. Surg. 20:190-196, 1932 
(g) Leriche, R., and Jung, A.: Les calcifications sous-deltoidiennes de 1l’épaule, 
Rey. d’orthop. 20:289-299, 1933. (h) Polichetti, E.: Contributo alla ezio pathogenesi 
e localizzazione della periartrite calcarea scapolo-omerale, Arch. di ortop. 49:195- 
210, 1933. (i) Ferguson, L. K.: Shoulder Pain and Disability Due to Lesions 
of the Subdeltoid Bursa and Supraspinatus Tendon, Internat. Abstr. Surg. 66:472- 
487, 1938; in Surg., Gynec. & Obst., May 1938. 

3. (a) Goettsch, M., and Pappenheimer, A. M.: Nutritional Muscular Dys- 
trophy in the Guinea Pig and Rabbit, J. Exper. Med. 54:145-166, 1931. (b) Pap- 
penheimer, A. M.: The Pathology of Nutritional Muscular Dystrophy in Young 
Rats, Am. J. Path. 15:179-183, 1939; Certain Nutritional Disorders of Laboratory 
Animals Due to Vitamin E Deficiency, J. Mt. Sinai Hosp. 7:65-76, 1940. (c) 
Morgulis, S., and Spencer, H. C.: A Study of the Dietary Factors Concerned in 
Nutritional Muscular Dystrophy, J. Nutrition 11:573-592, 1936. (d) Evans, H. 
M.; Emerson, G. A., and Telford, I. R.: Degeneration of Cross-Striated Mus- 
culature in Vitamin E Low Rats, Proc. Soc. Exper. Biol. & Med. 38:625-627, 
1938. (e) Evans, H. M.: New Light on the Biological Role of Vitamin E, J. 
Mt. Sinai Hosp. 6:233-244, 1940. (f) Einarson, L., and Ringsted, A.: Effect of 
Chronic Vitamin E Deficiency on the Nervous System and the Skeletal Mus- 
culature in Adult Rats, London, Oxford University Press, 1938. (g) Knowlton. 
G. C., and Hines, H. M.: Effect of Vitamin E Deficient Diet upon Skeletal 
Muscle, Proc. Soc. Exper. Biol. & Med. 38:665-667, 1938. (h) Chor, H., and 
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experiments, performed by Telford, Emerson and Evans, have shown 
that abnormal changes may be present in the voluntary muscles of ani- 























Roentgenograms showing calcification (a) of the right supraspinatus tendon; 
(b) of the left flexor carpi ulnaris tendon, and (c) of the capsule of the proximal 
interphalangeal joint of the right little finger. These conditions were present 
simultaneously in a woman 44 years old. 


Dolkart, R. E.: Experimental Muscular Dystrophy in the Guinea Pig, Arch. 
Path. 27:497-509 (March) 1939. (i) Telford, I. R.; Emerson, G. A., and Evans, 
H. M.: Histologic Changes in Skeletal Musculature of Paralyzed Suckling 
Young of E-Low Rats, Proc. Soc. Exper. Biol. & Med. 41:291-295, 1939. (J) 
Knowlton, G. C.; Hines, H. M., and Brinkhous, K. M.: Cure and Prevention 
f Vitamin E Deficient Muscular Dystrophy with Synthetic A-Tocopherol Acetate, 
ibid. 42: 804-809, 1939. 
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mals deficient in vitamin E even when there are few abnormal signs.* 
Furthermore, it was found that the addition of vitamin E in sufficient 
doses prevented these abnormal alterations in the muscles.® 

On this basis it seemed worth while to study the effects of adminis- 
tration of synthetic vitamin E (alpha tocopherol acetate) to patients 
suffering from calcification of tendinocapsular tissues, particularly in 
the area of the supraspinatus tendon. 


PROCEDURE 


Thirty-four patients complaining of pain in the shoulder area were studied; 
21 of these presented acute symptoms, and 13 had prolonged or chronic com- 
plaints. Fourteen of the patients were men, and 20 were women. The youngest 
was 33 years of age, and the oldest was 68. Roentgen examination was made 
of both the right and the left shoulder in most instances. If pain was present in 
any joint besides the shoulder, additional roentgenograms were ordered. Each 
patient followed in this study showed roentgen evidence of calcification in the 
tendinocapsular tissues of at least one shoulder. Inquiries were made as to the 
existence of trauma and as to the dietary habits. Only 2 of the 34 subjects gave 
a definite history of trauma, and 9 subjects gave evidence of dietary deficiency. 

Twenty-one of the 34 patients complained of acute local pains and pronounced 
restriction in motion of the affected shoulder. Five of these 21 subjects showed, 
in addition, symptomless calcification in the tendinocapsular tissues of the opposite 
shoulder. One patient presented, together with calcification in the supraspinatous 
region, similar depositions in the flexor carpi ulnaris tendon and in the capsule 
of the proximal interphalangeal joint of one of the fingers. 

Eight of these 21 patients received vitamin E in the form of alpha tocopherol 
acetate given by mouth. No immobilization, physical therapy or exercise was 
employed. Four of these patients received alpha tocopherol acetate in doses from 
5 to 20 mg. per day over a period of twenty to fifty-one days. The remaining 4 
received 50 to 100 mg. daily for seven to twenty-one days. 

Thirteen of the 21 patients with acute symptoms were followed as controls. 
Some received codeine sulfate; others, lactose; others, injections of vitamin B,, 
and still others, local injections of procaine hydrochloride. 

The second group, presenting the chronic condition, consisted of 13 patients 
who showed calcification of tendinocapsular tissues in at least one shoulder, with 
a history of chronic symptoms for periods ranging from one month to twenty 
years. In some, active movements in the affected shoulder were only slightly 
limited. They had all received previously some form of therapy, consisting of local 
diathermy, local application of infra-red rays or local infiltration with procaine 
hydrochloride solution. Three of the 13 had symptomless calcification of the 


4. Telford, I. R.; Emerson, G. A., and Evans, H. M.: Microscopic Lesions 
Without Functional Impairment of Striated Musculature of Suckling E-Low Rats, 
Proc. Soc. Exper. Biol. & Med. 45:135-136, 1940. 

5. (a) Knowlton, G. C.; Hines, H. M., and Brinkhous, K. M.: Effect of 
Wheat-Germ Oil upon E-Deficient Muscular Dystrophy, Proc. Soc. Exper. Biol. 
& Med. 41:453-456, 1939. (b) Mackenzie, C. G., and McCollum, E. V.: The 
Care of Nutritional Muscular Dystrophy in the Rabbit by Alpha-Tocopherol 
and Its Effect on Creatine Metabolism, J. Nutrition 19:345-361, 1940. (c) 
Krakower, C., and Axtmayer, J. H.: Effect of Alpha-Tocopherol on Lesions of 
Skeletal Muscles in Rats on Vitamin A-Deficient Diets, Proc. Soc. Exper. Biol. 
& Med. 45:583-586. 1940. 


tendin 
and le 

Eig 
acetate 
hundre 

Th 
treatm 
cation 


as cor 


lt 
small 
day S 

thera 
was 

attait 
areas 
cases 
2 rer 
obser 


ment 
sided 
four 
days 
were 
exan 
A 
are ¢ 
also 
with 
local 
tions 
the 1 
Acti 
after 
tion 
coul 
¥ 
shou 
acut 
days 
was 
a fc ) 
plete 





s'TRO-COHEN—CALCIFIED TENDINOCAPSULAR TISSUE 1069 


tendinocapsular tissues of the opposite shoulder, and 1 had calcification of the right 
and left gluteus medius tendons as well as of the opposite supraspinatus tendon. 

Fieht of these 13 patients with chronic symptoms received alpha tocopherol 
acetate by mouth in doses varying from 10 to 100 mg. per day for seven to one 
hundred days. The total dose varied from 231 to 2,250 mg. 

The other 5 of the 13 patients with the chronic condition were given a routine 
treatment consisting of diathermy, application of infra-red rays, exercises or medi- 
cation (with acetylsalicylic acid, codeine sulfate, etc.). These 5 patients were used 
as controls. 

RESULTS 

In the group of 4 patients with acute symptoms treated with 
small doses of alpha tocopherol acetate the pains subsided within three 
days and completely disappeared within five to twenty days after this 
therapy was begun. Active motion of the arm at the affected shoulder 
was initiated from three to five days after the onset of therapy and 
attained the normal range in about twenty to fifty days. The calcic 
areas as visualized by roentgen examination disappeared ,in 2 of the 4 
cases in thirteen to twenty days from the beginning of treatment. In the 
2 remaining cases definite diminution in the size of the calcic area was 
observed after an interval varying from thirty to sixty-five days. 

In another group of 4 patients with acute symptoms, treated with 
large doses of alpha tocopherol actetate (50 to 100 mg. daily), improve- 
ment was evident in three days and the acute symptoms completely sub- 
sided within seven to twenty-one days. Active motion was started in 


four or five days and reached the normal range within ten to twenty-one 
days after the initiation of therapy. Nevertheless, no definite changes 
were observed in the size of the calcific deposits as noted on roentgen 
examination. 


As far as the 13 patients with acute symptoms in the control group 
are concerned, it was noted that in several instances the acute symptoms 
also subsided within the first three days and completely disappeared 
within seven to fifty-five days. It seemed that in subjects receiving 
local infiltrations of procaine hydrochloride solution local painful reac- 
tions were present subsequently for three to four days, and in 1 instance 
the reaction lasted fourteen days after the introduction of the solution. 
Active motion was started in most instances within two to eight days 
after the therapy was begun. One patient, who received local infiltra- 
tion in the subdeltoid region with immobilization in a Velpeau bandage, 
could not initiate active motion until thirteen days had elapsed. 

The roentgenograms revealed that the calcification in the painful 
shoulder completely disappeared in 6 of the 13 control patients with 
acute symptoms within a period varying from seven to seventy-seven 
days. In 3 other subjects diminution in the size of the calcic shadow 
was noted within periods ranging from eight to twenty-four days, but 
a follow-up examination after ninety days showed that it had not com- 
pletely disappeared even then. In 6 remaining cases the calcific shadow 
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showed no change in size. It is of interest to note that in this group 
of 13 control patients with acute symptoms there were 4 with symptom- 
less calcification of the tendinocapsular tissues of the opposite shoulder. 
In 1 of these 4 calcification on the painless side disappeared in eleven 
days, while on the painful side it did not completely resolve. In another 
the painless calcic area diminished in size in four weeks. In the remain- 
ing subject no alterations were observed in the size of the calcic 
deposition. 

In the chronically affected group, consisting of 13 patients, 8 received 
alpha tocopherol acetate without any other form of treatment. Most 
of these patients complained only of mild pain and presented little or no 
limitation in motion. There was subjective improvement within twenty 
to sixty days with ingestion of alpha tocopherol acetate. Slight changes 
occurred in the appearance of the calcific deposits as noted on roentgen 
examination. In no case, however, did the mass completely disappear. 
No effect was noted on the calcic deposits in the opposite, painless 
shoulder. 

In the group of 5 control patients (with chronic symptoms) for 
whom the therapeutic regimen consisted of intensive local application 
of diathermy or oral administration of sedatives and acetylsalicylic acid, 
only 3 showed signs of improvement after intervals ranging from twenty 
to sixty days from the beginning of the therapy. In only 1 instance in 
which acetylsalicylic acid was administered was there roentgen evidence 


of disappearance of the calcic deposits. In 2 instances in this group 
of 5 control cases, in which calcification was present in the opposite 
shoulder, the administration of acetylsalicylic acid had no effect on the 
roentgen appearance of the calcic mass. 


COMMENT 


This study suggests that the painful, acute phase of calcification of 
the tendinocapsular tissues is a complication and not a part of the 
syndrome per se. Treatment directed toward the relief of pain does 
not necessarily influence the fundamental processes which produce cal- 
cification on the tendinocapsular tissues. We observed that any reason- 
able type of treatment is associated with a symptomatic improvement in 
the acute phase. Also, the deposit of calcium may completely disappear 
during or after the acute episode without the intervention of physical 
therapy, roentgen therapy, aspiration, irrigation or any special medi- 
cation. In the chronic form of the condition the administration of 
alpha tocopherol acetate did not alter specifically the clinical picture, nor 
did it affect the roentgen appearance of the calcific shadow. 

As yet the cause of calcification of tendinocapsular tissues is 
unknown. However, there is a likelihood that deficiency in either 
intake or absorption of vitamin E may play a part in the production of 
the necrosis and subsequent calcification of tendinocapsular tissues. 
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Recent experimental and clinical data clearly show that deficiency of 
vitamin E may exist in spite of an adequate diet, partly because of poor 
absorption from the gastrointestinal tract.6 Furthermore, experimental 
evidence is at hand to show that changes may exist in voluntary mus- 
cles even when the animals present minimal clinical evidence of vitamin 
E deficiency. 

In man the supraspinatus tendon and its contiguous tissues as well 
as the gluteus medius tendon undergo degenerative changes with advanc- 
ing age. Yet in a study of 100 shoulders removed post mortem in 
which degenerative changes were noted in the supraspinatus tendon and 
the contiguous capsular tendons no evidence of calcification was found.’ 
The calcic deposition as seen in the supraspinatus tendon is not ordi- 
narily the result of the changes associated with senile degeneration. 

We suspect that the changes and the subsequent calcification in 
tendinocapsular tissue, as they occur in the supraspinatus tendon, for 
example, may be the result of vitamin E deficiency. Furthermore, cal- 
cification of the tissues in question may produce an acute, painful 
inflammatory reaction by rupturing into a contiguous bursa or tendon 
sheath. This reaction usually helps in the resorption of the calcic 
particles, irrespective of the type of therapy. While the ingestion of 
alpha tocopherol acetate has no special effect on the already calcified 
tissues, it may influence the noncalcified necrotic tissue. It is suggested 
that the administration of vitamin E may be of aid in preventing cal- 
cification of necrotic tendinocapsular tissue as it occurs in the supra- 
spinatus tendon. 

SUM MARY 


Calcification of tendinocapsular tissues may be present without any 
accompanying signs or symptoms. Such calcification may be compli- 
cated by an acute episode of pain and tenderness. After this the 
calcification may disappear with or without medication or local physical 
therapy. In cases of chronic calcification it seems that the ingestion of 
alpha tocopherol acetate results in subjective improvement only. 


Deficiency in vitamin E may lead to necrosis of tendinocapsular 
tissues with subsequent calcification. The ingestion of vitamin E does 
not have a specific effect on the deposited calcium. There is likelihood, 
however, that the administration of vitamin E may prevent the calcifi- 
cation of necrotic tendinocapsular tissue. 


6. (a) Vitamin E: A Symposium, Society of Chemical Industry, Cambridge, 
England, W. Heffer & Sons, 1939. (b) Vogt-Mgller, P.: The Therapeutic 
\pplication of Vitamin E in Human Clinical Medicine, Acta obst. et gynec. 
Scandinay. 20:85-97, 1940. (c) Cuthbertson, W. F. J.; Ridgeway, R. R., and 
Drummond, J. C.: The Fate of Tocopherols in the Animal Body, Biochem. J. 
34: 34-39, 1940. 

7. Sutro, C. J.: Unpublished data. 





RENAL BLOOD FLOW AND SYMPATHECTOMY 
. IN. HYPERTENSION 


A. C. CORCORAN, M.D. 
AND 
IRVINE H. PAGE, M.D. 


INDIANAPOLIS 


The importance of the kidneys in the pathogenesis of arterial 
hypertension has been widely recognized since the demonstration by 
Goldblatt and his co-workers ' that lasting hypertension can be produced 
experimentally by partial constriction of one main renal artery. Page 
has obtained similar hypertension by compression of the renal par- 
enchyma in the scar of cellophane or silk perinephritis.2, Although sev- 
eral cases of hypertension in human beings have been described in which 
the condition arose as the apparent result of partial obstruction of renal 
circulation or as the result of perinephritis, neither abnormality of the 
large renal vessels nor diffuse perinephritis is commonly present. Lesions 
of the small renal arterioles, however, are evident even in the early 
stages of the disease.* It has therefore been suggested that hypertension 
may ordinarily arise as the result of spasm and sclerosis of the renal 


arterioles, functional equivalents of the application of myriads of minute 
intrarenal clamps.* 


Independently of these observations, repeated clinical experience has 
shown that an abdominal sympathetctomy,’ such as subdiaphragmatic 
splanchnic resection with removal of the upper two lumbar sympathetic 
ganglions and the intervening chain,® transdiaphragmatic splanchnic 


From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital. 

1. Goldblatt, H.; Lynch, J.; Hanzal, R. F., and Summerville, W. W.: Studies 
on Experimental Hypertension: I. The Production of Persistent Elevation of 
Systolic Pressure by Means of Renal Ischemia, J. Exper. Med. 59:347, 1934. 

2. Page, I. H.: The Production of Persistent Arterial Hypertension by Cello- 
phane Perinephritis, J. A. M. A. 113:2046 (Dec. 2) 1939. 

3. Fishberg, A. M.: Anatomic Findings in Essential Hypertension, Arch. Int. 
Med. 35:650 (May) 1925. Moritz, A. R., and Oldt, M. R.: Arteriolar Sclerosis 
in Hypertensive and Non-Hypertensive Individuals, Am. J. Path. 13:679, 1937. 

4. Goldblatt, H.: Studies on Experimental Hypertension: V. The Patho- 
genesis of Experimental Hypertension Due to Renal Ischemia, Ann. Int. Med. 
11:69, 1937. 

5. Craig, W. M., and Adson, A. W.: Hypertension and Subdiaphragmatic 
Sympathetic Denervation, S. Clin. North America 19:969, 1939. 
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removal of the lower dorsal and upper lumbar sympathetic chains with 
their ganglions and communicating rami,° bilateral supradiaphragmatic 
splanchnic section with lower dorsal ganglionectomy * or section of the 
thoracic and upper lumbar anterior nerve roots,* results in lowering of 
arterial pressure, recession of symptoms and slowing of the progress of 
the disease in many cases of hypertension in man. 

The area deprived of sympathetic innervention by these operations 
includes the kidneys. Since it has been repeatedly shown that renal 
hyperemia may follow renal denervation in acute experiments in 
anesthetized animals or in animals recovering from anesthesia, it seemed 
logical to some to attribute the beneficial effects of sympathectomy to an 
increase of renal blood flow, although evidence of such a factor was 
lacking. 

The purpose of the present report is to record observations on 
renal blood flow and hemodynamics in 2 cases of hypertension treated by 
Smithwick’s method of abdominal sympathectomy. 


METHODS 


Nearly all the diodrast which enters the kidney in the blood plasma is 
removed from the blood during its renal passage. It is excreted largely 
as the result of chemical transfer (secretion) across the cells into the 
lumens of the proximal convoluted tubules. The plasma clearance of 
diodrast (volume of plasma equivalent to one minute’s urinary excretion 
of the dye) is therefore nearly equal to the rate of renal plasma flow, so 
that if both the plasma diodrast clearance and the hematocrit index are 
known the approximate rate of blood flow to renal excretory tissues 
may be calculated.® 

Inulin appears in the urine solely as the result of filtration through 
the glomerular capillaries and, unlike urea, is not reabsorbed in the 
tubules. The inulin clearance (volume of plasma equivalent to one 


Surgery 7:1, 1940. 

7. Peet, M. M.: The Surgical Treatment of Hypertension, Proc. California 
Acad. Med. 5:58, 1935-1936. 

8. Adson, A. W., and Brown, G. E.: Malignant Hypertension: Report of a 
Case Treated by Bilateral Section of Anterior Spinal Nerve-Roots from the Sixth 
Thoracic to the Second Lumbar Inclusive, J. A. M. A. 102:1115 (April 7) 1934. 
Page, I. H., and Heuer, G. J.: A Surgical Treatment of Essential Hypertension, 
J. Clin. Investigation 14:22, 1935. 

9. Smith, H. W.; Goldring, W., and Chasis, H.: The Measurement of the 
Tubular Excretory Mass, Effective Blood Flow and Filtration Rate in the Normal 
Human Kidney, J. Clin. Investigation 17:263, 1938. White, H. L., and Heinbecker, 
P.: Interpretation of Diodrast in the Dog, Proc. Soc. Exper. Biol. & Med. 43:7, 
1940. Corcoran, A. C.; Smith, H. W., and Page, I. H.: Renal Excretion of 
Diodrast in the Dog, Am. J. Physiol. 129:P338, 1940. 
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minute’s urinary excretion of inulin) is therefore equivalent to the 
volume of water removed from the plasma by glomerular filtration. The 
ratio of inulin to diodrast clearance has been termed “filtration fraction” 
and is a measure of the proportion of water removed from plasma by 
glomerular filtration. The value of this ratio increases with increasing 
intraglomerular pressure, since increased pressure forces more water 
through the glomerular capillaries. Intraglomerular pressure, and with 
it the filtration fraction, may be increased either by dilation of the afferent 
arterioles (forward pressure on the glomerular capillaries) or by con- 
striction of the efferent arterioles (back pressure on the glomerular 
capillaries). Dilation of the afferent arterioles would increase the renal 
blood flow and the filtration fraction, while constriction of the efferent 
arterioles would increase the filtration fraction and at the same time tend 
to decrease the renal blood flow. An increased filtration fraction and a 
decreased renal blood flow characterize the renal changes observed in 
most cases of hypertension in human beings.’*® These abnormalities are 
probably the expressions of efferent arteriolar constriction. 

Simultaneous measurements of diodrast and inulin clearances permit 
the calculation of effective renal blood flow and indicate the site and 
degree of arteriolar vasoconstriction. Since the renal vasoconstriction 
associated with hypertension is predominant in the efferent arterioles, 
the hypothetic vasodilation which might follow denervation as the result 
of sympathectomy would be expected to release this spasm, so that the 
renal blood flow (diodrast clearance) would increase, while the filtration 
fraction would return toward normal (0.16 to 0.20). Such a change 
would suggest that the operation does indeed reverse the renal abnor- 
mality of hypertension and, if it is assumed that renal arteriolar spasm 
is the cause of hypertension, would lead to the conclusion that the pri- 
mary functional lesion of hypertension can be removed by sympathectomy. 
That this is probably not the case is shown by the data in the accompany- 
ing table. 

The measurement of plasma diodrast clearance in the cases reported 
here was made by a modification of the methods described by Smith, 
Goldring and Chasis ; the determination of diodrast in the plasma and in 
the urine was made by a modification of the method of White and Rolf,” 
and the inulin analyses were performed by our own method.”* 


10. Smith, H. W.: Studies in the Physiology of the Kidney, The Porter 
Lectures, Publication of the University Extension Division, University of Kansas, 
Lawrence, Kan., 1939. 

11. White, H. L., and Rolf, D.: A Rapid Micro-Method for Determining 
Diodrast and Inorganic Iodide Iodine in Blood and Urine, Proc. Soc. Exper. Biol. 
& Med. 43:1, 1940. 

12. Corcoran, A. C., and Page, I. H.: Applications of Diphenylamine in the 
Determination of Levulose in Biological Media: I. The Determination of Inulin; 
Il. The Determination of Levulose in Blood, J. Biol. Chem. 127:601, 1939. 
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REPORT OF CASES 


Case 1.—C. H., a man aged 39 years, had hypertension dating from the second 
of two examinations for life insurance in 1927. The patient was again observed 
hecause of headache and fatigability in 1932. His blood pressure at that time was 
190 systolic and 110 diastolic. During a period of unusual stress in his work in 
September 1936 he suddenly had partial right hemiplegia and aphasia, the residues 
of which had entirely disappeared at the end of two weeks. The blood pressure 
on the day of the attack was 178 systolic and 130 diastolic. A similar, though less 
intense, episode occurred in April 1937. Sympathectomy was advised at that time 
but was postponed for a trial of sodium thiocyanate therapy, for which purpose he 
was referred to the Lilly Laboratory for Clinical Research. During a six month 
period of observation without thiocyanate the blood pressure averaged 180 systolic 
and 130 diastolic, while during the first seven months of treatment the plasma 


Data in Two Cases of Hypertension 








Date R. B. F. D.C. I. C. a. 2 B. P., Mm. Hg 


9/27/39 543 310 69 0.225 144/108 (recumbent) 

10/10/39 Unilateral sympathectomy (right side) 

10/31/39 Unilateral sympathectomy (left side) 

1/ 5/40 390 220 61 27: 158/118 (recumbent) 
118/ 96 (standing) 

5/15/40 779 451 95 2 228/146 (recumbent) 

6/ 5/40 Unilateral sympathectomy (right side) 

6/25/40 745 405 O4 .23 198/130 (recumbent) 

10/22/40 S40 436 92 21% 230/120 (recumbent) 

11/28/40 715 379 78 206 216/128 (recumbent) 

12/ 5/40 Unilateral sympathectomy (left side) 

1/ 3/41 642 380 74 Af 200/130 (recumbent) 
112/ 96 (standing) 

3/ 6/41 597 346 76 217 192/118 (recumbent) 
82/ 48 (standing) 





The abbreviations used in this table are as follows: R.B.F., effective renal blood flow 
calculated from plasma diodrast clearance (D.C.) in cubie centimeters per minute; I. C., 
plasma inulin clearance in cubic centimeters per minute; F. F., filtration fraction (I. C./D. C.); 
B. P., blood pressure taken with the patient at rest. 


thiocyanate content averaged 7 mg. per hundred cubic centimeters and the blood 
pressure 160 systolic and 116 diastolic. At this time he was clinically improved and 
his only complaint was fatigability. In August 1939 it was noted that the thio- 
cyanate seemed to be losing its effect, since the thiocyanate content of the plasma 
had been maintained at a mean level of 5.8 mg. per hundred cubic centimeters and 
the blood pressure had averaged 175 systolic and 124 diastolic during the previous 
three months. Sympathectomy was advised, and he was admitted to the ward 
for study in September 1939. 

During hospitalization he was observed to be emotional, introspective and 
apprehensive. There was slight (1 plus) constriction of the retinal arterioles. The 
blood pressure after three days of rest in bed was 144 systolic and 108 diastolic. 
The renal blood flow was determined (table), and he was referred to Dr. R. H. 
Smithwick for operation. 

The operation consisted of bilateral resection of the sympathetic trunks interrupt- 
ing the communicating rami of the ninth, tenth, eleventh and twelfth dorsal and 
the first lumbar segments, with removal of the sympathetic trunks and ganglions 
from these areas. The great splanchnic nerves were removed from their insertions 
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over virtually their entire lengths, i. e., to the midthoracic level (sixth dorsal). 
The two sides were treated separately, the right side on October 10 and the left on 
October 31. Convalescence was unusually prolonged. The patient was depressed, 
and the extensive physiologic changes wrought by the operation were reflected in 
tachycardia even when he was at rest in the horizontal position. There were 
severe orthostatic hypotension and rapid collapse on standing, so that it was 
necessary to bandage both legs to the groins and to fit an elastic girdle and an 
abdominal sponge rubber pad in order to maintain the desired level of blood pres- 
sure in the erect posture. 

Eight weeks after the operation he was readmitted to the ward of the Lilly 
Laboratory for Clinical Research for observation and for determination of the 
renal blood flow. He has had few complaints since this time. The abdominal 
pad and girdle, the thigh bandages and finally the bandages over the lower part of 
the legs were successively discarded during February and March 1940. The 
average blood pressures during the first six months of 1940 were 155 systolic and 
108 diastolic (horizontal) and 134 systolic and 114 diastolic (standing). In the 
last six months of 1940 the blood pressures were 141 systolic and 100 diastolic 
(horizontal) and 134 systolic and 108 diastolic (standing). Subjectively he is 
improved as the result of the operation and, although he remains easily upset, is 
constantly reassured by his feeling of well-being. 


Case 2.—L. D., a man aged 39 years, also was first recognized to have hyper- 
tension in a routine insurance examination, in 1929. There were no symptoms of 
any kind and no subsequent determinations of blood pressure until 1936, when the 
patient began to suffer from attacks of “inward nervousness,” associated with 
nausea and vomiting. Latent syphilis was discovered at this time; antisyphilitic 
treatment was instituted in 1937, when he first came under our observation, and 
continued to 1939. The blood pressure varied widely from 140 systolic and 90 
diastolic to 236 systolic and 140 diastolic, although during prolonged rest in bed it 
averaged 196 systolic and 126 diastolic. Varying degrees (1 plus to 3 plus) of 
constriction of the retinal arterioles were reported at different times. Attacks of 
nervousness and vomiting with wide variations of blood pressure continued under 
treatment with sedatives and suggestion, and it was considered that the patient 
presented many of the characteristics of the hypertensive diencephalic syndrome.** 
Sympathectomy was advised, partly on the ground that his condition seemed 
neurogenic. The renal blood flow was determined before the first stage of the 
operation and after recovery from violent gastrointestnial upsets which followed 
this intervention. The wound healed slowly, and the second stage (left side) was 
performed five months after the first. Both operations were done by Dr. E. V. Hahn 
according to the method of Smithwick. 


Comment.—The clinical result of the operation in case 1 seems satis- 
factory, and, although insufficient time has elapsed to justify a prognosis 
of the ultimate effects of the operation in case 2, it seems not unlikely 
that the result will be nearly as good, since the maximum level of blood 
pressure with the patient in the horizontal position is no higher than it 
was before and with the patient in the erect posture is a great deal lower. 
Nevertheless (table) there is no evidence of increased renal blood 
flow. Renal blood flow has, on the contrary, decreased definitely in 


13. Page, I. H.: A Syndrome Simulating Diencephalic Stimulation Occurring 
in Patients with Essential Hypertension, Am. J. M. Sc. 190:9, 1935. 
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case 1 and slightly in case 2. The decreased renal blood flow in case 1 is 
accompanied with an increase of the filtration fraction, probably the 
result of increased efferent arteriolar constriction. 


GENERAL COMMENT 


The results in these 2 cases indicate that radical sympathectomy which 
includes the sympathetic innervation of the kidneys does not cause renal 
vasodilatation or relaxation of the abnormal constriction of the glomerular 
efferent arterioles, even in cases in which strong neurogenic and 
emotional factors seemed to be operating. Similar observations have 
been reported by Alving, Adams and Grimson."* 


Sympathectomy for hypertension was, as has been noted, developed 
independently of considerations of renal blood flow and, as a procedure, 
depends neither in theory nor in practice on the production of renal 
hyperemia. The view that the effects of sympathectomy in cases of 
hypertension result from increased renal blood flow is based on the renal 
hyperemia which follows renal denervation in acute experiments in trau- 
matized animals; it entirely neglects chronic experiments, which have 
shown that renal denervation by section of renal nerves in dogs ** and 
in man ** or by interruption of the sympathetic nervous system in man ™* 
have no effect on the rate of renal blood flow. Indeed, it has been sug- 
gested ** that the renal vasomotor nerves are normally at rest but that 
emergencies incident to experimental procedures excite them to cause 
renal vasoconstriction. Section of the renal nerves provokes transient 
hyperemia under such conditions. It is therefore not surprising that 
sympathectomies which involve renal nerves do not affect the renal 
blood flow in chronic experiments or in the surgical treatment of hyper- 
tension. Renal denervation alone, without section of splanchnic visceral 
nerves, is ineffective in the treatment of hypertension,’® although the 


operation, if it depended on a renal effect, should be restricted to the 
renal nerves. 


14. Alving, A. S.; Adams, W.; Grimson, K. S.; Scott, C., and Sandiford, I.: 
The Effect of Bilateral Sympathectomy on the Cardio-Renal System in Essential 
Hypertension, Proc. Centr. Soc. Clin. Research 13:39, 1940. 

15. Rhoads, C. P.; Van Slyke, D. D.; Hiller, A., and Alving, A. S.: The 
Effects of Novocainization and Total Section of the Nerves of the Renal Pedicle 
on Renal Blood Flow and Function, Am. J. Physiol. 110:387, 1934. ’ 

16. Page, I. H., and Heuer, G. J.: The Effect of Renal Denervation on the 
Level of Arterial Blood Pressure and Renal Function in Essential Hypertension, 
J. Clin. Investigation 14:27, 1935. 

17. Page, I. H., and Heuer, G. J.: The Treatment of Essential and Malignant 
Hypertension by Anterior Nerve Root Section, Arch. Int. Med. 59:245 (Feb.) 
1937. 

18. Smith, H. W.: Physiology of the Renal Circulation, in Harvey Lectures, 
1939-1940, Baltimore, Williams & Wilkins Company, 1940, p. 166. 
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Increased urea clearance has been noted at varying intervals ajter 
operation ** in hypertensive patients treated by supradiaphragmatic 
splanchnicectomy and has been interpreted as evidence of increased renal 
blood flow. Page and Heuer,”® however, failed to observe a significant 
change of urea clearance in patients treated by stripping the renal pedicle 
(renal denervation), by supradiaphragmatic splanchnic section or by 
extensive section of the anterior nerve roots. In this connection it should 
be noted that urea clearance is not a close measure of renal blood flow in 
the presence of hypertension, since efferent arteriolar constriction 
increases the proportion of urea removed from the blood. Consequently, 
although the volume of blood which perfuses the kidneys in the presence 
of hypertension may be decreased, relatively more urea is removed from 
it, so that urea clearance is maintained at normal levels until a serious 
reduction of renal blood flow has occurred. A slight increase of urea 
clearance is therefore consistent with unchanged or even decreased renal 
blood flow, since it may express increased efferent arteriolar constriction. 

There remain for discussion (a) the question of what is the basis of 
the good results of sympathectomy, since it appears not to be due to 
improvement in renal circulation, and (b) the question of the nature of 
the renal vasoconstriction associated with hypertension, since it appears 
not to be neurogenic. 

(a) The splanchnic vasomotor nerves of man, in contrast to the renal 
vasomotor nerves, are normally highly reactive in constant adjustments 
to changes of position, to ingestion of food and to even mild exercise. 
Especially, the assumption of the erect posture places heavy demands on 
the competency of this circulation. If it were supposed that interruption 
of the splanchnic visceral innervation reduces arterial pressure in the 
presence of hypertension solely by causing arteriolar vasodilation and 
thus increasing the volume of distribution of blood, it would be difficult 
to explain a prolonged reduction of arterial pressure, since blood volume 
usually adjusts rapidly to the space in which it circulates (e. g., amputa- 
tion at the thigh ; adjustment to extremes of heat). Such pooling of the 
blood should also result in congestion, with attendant digestive distur- 
bances. It appears, therefore, that interruption of visceral innervation 
decreases arterial pressure by some means apart from arteriolar vaso- 
dilation. A clue to the nature of the reduction in arterial pressure is 
provided by the phenomena which follow successful splanchnic section, 
namely, tachycardia and hypotension, manifestations of decreased cardiac 


19. Peet, M. M., and Wood, W. W.: The Surgical Treatment of Hypertension: 
Results in Three Hundred and Fifty Consecutive Cases Treated by Bilateral Supra- 
diaphragmatic Splanchnicectomy and Lower Dorsal Sympathetic Ganglionectomy, 
J. A. M. A. 115:1875 (Nov. 30) 1940. 

20. Page, I. H., and Heuer, G. J.: The Effect of Splanchnic Nerve Resection 
on Patients Suffering from Hypertension, Am. J. M. Sc. 193:820, 1937; footnotes 
16 and 17. 
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output, more or less intensely manifest in the erect posture. A study of 
the effects on circulation of spinal anesthesia in normal human beings 
by Smith, Rovenstine, Goldring, Chasis and Ranges ** has shown that 
spinal anesthesia causes postural hypotension by permitting postarteriolar 
dilation of capillaries, venules and veins, thus decreasing venous return 
and cardiac output, notably in the erect posture. This effect of spinal 
anesthesia is not associated with renal arteriolar changes and may be 
explained as the result of postarteriolar dilation of veins, venules and, 
possibly, capillaries. Consequently, although spinal anesthesia is not in 
all respects similar to extensive sympathectomy, the fall of arterial pres- 
sure in hypertensive patients treated by such methods as anterior nerve 
root section may in part be the result of postarteriolar dilation with 
decreased venous return. Clearly, the heart cannot maintain greatly 
increased arterial pressure if the venous supply of blood is inadequate. 
Added to this mechanism there is the factor of inadequate splanchnic 
constriction in response to the stimulation of the erect posture. The 
effects on circulation of postarteriolar vasodilation and of the failure of 
arteriolar adjustments to posture are, of course, most evident in the 
erect posture. 

This explanation of the reduction of arterial pressure by sympathec- 
tomy is supported by numerous observations that interruption of the 
sympathetic nervous system in dogs suffering from renal hypertension 
by renal denervation,** splanchnic resection,** anterior nerve root sec- 
tion,** total sympathectomy *° or even destruction of the spinal cord ** 
has little or no effect on the level of arterial blood pressure, while such 
operations, renal denervation excepted, cause reduction of arterial pres- 
sure in hypertensive man. This difference between man and experi- 
mental animals has been interpreted as evidence of a neurogenic origin 


21. Smith, H. W.; Rovenstine, E. A.; Goldring, W.; Chasis, H., and Ranges, 
H. A.: The Effects of Spinal Anesthesia on the Circulation in Normal, Unoperated 
Man with Reference to the Autonomy of the Arterioles and Especially Those of 
the Renal Circulation, J. Clin. Investigation 18:319, 1939. 

22. Page, I. H.: The Relationship of the Extrinsic Renal Nerves to the Origin 
of Experimental Hypertension, Am. J. Physiol. 112:166, 1935. Collins, D. A.: 
Hypertension from Constriction of the Arteries of Denervated Kidneys, ibid. 116: 
616, 1936. 


23. Goldblatt, H.; Gross, J., and Hanzal, R. F.: Studies on Experimental 
Hypertension: II. The Effect of Resection of Splanchnic Nerves on Experimental 
Renal Hypertension, J. Exper. Med. 65:233, 1937. 

24. Goldblatt, H., and Wartman, W. B.: Studies on Experimental Hyper- 
tension: VI. The Effect of Section of Anterior Nerve-Root on Experimental 
Hypertension Due to Renal Ischemia, J. Exper. Med. 66:527, 1937. 

25. Freeman, N. E., and Page, I. H.: Hypertension Produced by Constriction 
of the Renal Artery in Sympathectomized Dogs, Am. Heart J. 14:405, 1937. 

26. Glenn, F.; Child, C. G., and Page, I. H.: The Effect of Destruction of the 


Spinal Cord on Hypertension Artificially Produced in Dogs, Am. J. Physiol. 122: 
506, 1938. 
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of renal vasoconstriction in hypertension in human beings, as compared 
with a mechanical origin in animals. Since sympathectomy in hyper- 
tensive human beings does not release the vasoconstriction which, as wil] 
be shown, is more probably humoral than neurogenic in origin, this view 
is inadequate. On the other hand, the animal does not usually assume 
the erect posture, and its splanchnic visceral innervation does not there- 
fore have the demands placed on it which confront the visceral innerva- 
tion in human beings. Indeed, it is a matter of common knowledge that 
prolonged forced assumption of the erect posture by a normal quadruped 
may lead to loss of consciousness. It is therefore probable that the dif- 
ference in the effect of sympathectomy observed in hypertensive human 
beings and in animals is in part an expression of the erect posture of 
man and of the lower degree of reactivity of the visceral splanchnic 
innervation in animals. 

The decrease of arterial pressure which follows sympathectomy in 
hypertensive man may be, therefore, an expression of decreased venous 
return, which in no way alters the possible primary genetic role of the 
kidney in hypertension. How, then, can clinical improvement follow 
such operations in cases of hypertension? It has been repeatedly shown 
in experimentally hypertensive animals that arteriolar lesions, such as 
medial hypertrophy, sclerosis and necrosis, occur only in areas exposed 
to high arterial pressure. The kidneys of experimentally hypertensive 
dogs, protected from the increased arterial pressure by the metal clamp 
around the renal artery or by the firm scar of perinephritis, do not show 
arteriolar lesions of this type. Interestingly, arteriolar lesions do occur in 
the contralateral “normal” kidney of rats in which hypertension has been 
produced by interference with the circulation of one main renal artery.”" 
Arteriolar sclerosis and necrosis therefore depend as much on high 
arterial pressure as on vasoconstrictor influences. Consequently, a simple 
reduction of arterial pressure in a case of hypertension, even one which 
does not alter the primary genesis of the condition, may reasonably be 
expected to result in arrest of some degenerative arteriolar lesions and in 
the repair of others. Failure to increase renal blood flow by such a pro- 
cedure as sympathectomy in no way condemns the continued use and 
study of a method which has been shown by competent observers to 
result in improvement and temporary arrest of the disease in certain 
cases. The absence of renal hyperemia after sympathectomy merely 
clarifies the mechanism by which the operation is therapeutically effective. 

(b). The probable humoral pathogenesis of clinical and experimental 
hypertension has been reviewed elsewhere ;** so detailed consideration is 

27. Wilson, C., and Byrom, F. B.: Renal Changes in Malignant Hypertension: 
Experimental Evidence, Lancet 1:136, 1939. 

28. Page, I. H.: Newer Knowledge of Hypertension, in Blood, Heart and 
Circulation, Publication 13, American Association for the Advancement of Science, 
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unnecessary in this report. Briefly, the genesis of hypertension appears 
to depend on the liberation in systemic blood of a crystallizable pressor 
substance, angiotonin. Angiotonin is formed by the enzymatic inter- 
action of renin, a protein released into blood by the kidneys of experi- 
mentally hypertensive animals and hypertensive human beings * with 
renin activator, a pseudoglobulin present in blood plasma. Infusion 
of angiotonin *° increases arterial pressure and decreases renal blood 
flow. The decrease in renal blood flow is predominantly the result of 
efferent arteriolar vasconstriction. The action of angiotonin there- 
fore mimics the hemodynamic changes of hypertension. Significantly, 
a pressor substance which has some of the characteristics of angiotonin 
is present in the peripheral blood of human beings suffering from hyper- 


1940. Corcoran, A. C., and Page, I. H.: Arterial Hypertension: Correlation of 
Clinical and Experimental Observations, J. A. M. A. 116:690 (Feb. 22) 1941. 

29. Page, I. H.: Demonstration of the Liberation of Renin into the Blood 
Stream from Kidneys of Animals Made Hypertensive by Cellophane Perinephritis, 
Am. J. Physiol. 130:22, 1940. 

30. (a) Corcoran, A. C., and Page, I. H.: The Effects of Angiotonin on Renal 
Blood Flow and Glomerular Filtration, Am. J. Physiol. 130:335, 1940. (b) 
Corcoran, A. C.; Kohlstaedt, K. G., and Page, I. H.: Changes of Arterial Blood 
Pressure and Renal Hemodynamics Induced by Injection of Angiotonin in Human 
Beings, Proc. Soc. Exper. Biol. & Med. 46:244, 1941. 

31. The effects of angiotonin on blood pressure and renal circulation are con- 
sistent with those of a substance which when administered as such acts rapidly 
and soon disappears but when administered by injection of renin is slowly released 
into the blood.2°> Renin has been shown to decrease renal blood flow in an experi- 
ment reported by G. Hessel (Ueber Renin, Klin. Wchnschr. 17:843, 1938). The 
decrease of renal blood flow due to injection of renin is usually accompanied with 
increased renal volume (Merrill, A.; Williams, A. H., and Harrison, T. R.: The 
Effects of a Pressor Substance Obtained from the Kidneys on the Renal Circula- 
tion of Rats and Dogs, Am. J. M. Sc. 196:240, 1938. Friedman, B.; Abramson, O., 
and Marx, W.: Pressor Substance in the Cortex of the Kidney, Am. J. Physiol. 
124:285, 1938), which is presumptive evidence of increased glomerular volume 
and therefore of efferent arteriolar vasoconstriction (Richards, A. N., and Plant, 
O. H.: Urine Formation in the Perfused Kidney: The Influence of Adrenalin on 
the Volume of the Perfused Kidney, Am. J. Physiol. 59:184, 1922). Slow intra- 
venous infusions of renin have been observed to decrease renal flow and greatly 
increase the proportion of inulin removed (Corcoran, A. C., and Page, I. H.: 
The Effects of Renin, Pitressin and Pitressin and Atropine on Renal Blood Flow 
and Clearance, Am. J. Physiol. 126:354, 1938; The Effects of Renin on Renal 
Blood Flow and Glomerular Filtration, ibid. 129:698, 1940) from the plasma in 
the glomeruli. The increased extraction of inulin is unequivocal evidence of 
increased intraglomerular pressure. The increased intraglomerular pressure is 
apparently not due to the simultaneous increase of systemic arterial pressure 
(Corcoran, A. C., and Page, I. H.: The Effects of Renin, Pitressin and Pitressin 
and Atropine on Renal Blood Flow and Clearance, Am. J. Physiol. 126:354, 1938) 
and is therefore the result of intense constriction of the glomerular efferent 
arterioles. 
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tension. The release of renin, which initiates the process, appears not to 
depend primarily on renal ischemia but rather on a change from pul- 
satile to continuous blood flow within the kidney, i. e., on intrarenal 
reduction of pulse pressure. Renal vasconstriction in cases of hyper- 
tension is therefore probably secondary to the unopposed release of the 
renal vasopressor system and is humoral and not neurogenic in origin, 
From this point of view, section of renal nerves would not be expected 
to result in a release of the abnormal renal vasoconstriction. It should. 
however, be noted that sclerosis of renal arterioles, the result in part 
of increased arterial pressure, would probably add to the vicious circle 
of abnormal renal hemodynamics which maintains the release of renin 
from the kidneys of hypertensive patients. Interruption of the sclerotic 
process as a result of decreased arterial pressure after sympathectomy 
might well be expected to restrict, for a time at least, the further pro- 
gress of the disease. 
SUMMARY 


Observations of preoperative and postoperative renal blood flow and 
filtration fractions in 2 cases of essential hypertension treated by exten- 
sive sympathectomy are reported. The operation did not increase renal 
blood flow or decrease the degree of efferent arteriolar constriction in 
either case. These observations are in accord with experimental data 
obtained from chronic experiments in animals and with other observa- 
tions on the effect of renal denervation and sympathectomy in man. 

It is concluded that the benefits of sympathectomy in cases of hyper- 
tension do not depend on improvement of renal circulation resulting 
from interruption of renal nerves. The suggestion is made that the 
decrease of arterial pressure which follows sympathectomy in hyper- 
tensive man is an expression of denervation of the reactive visceral 
splanchnic innervation, with resultant partial failure of venous return, 
most evident in the erect position. The decrease of venous return 
limits cardiac output and thus tends to decrease arterial pressure. It is 
further suggested that the decrease of arterial pressure is in itself an 
adequate explanation of the clinical improvement which may follow such 
an operation, since it may prevent the further spread of arteriolar lesions. 

The probable relation of the renal vasopressor system to hypertension 
is reviewed, and it is noted that renal vasoconstriction in cases of 
hypertension is probably humoral rather than neurogenic in origin. The 
view is proposed that decreased arterial pressure occurring as a result 
of sympathectomy may arrest the progress of renal arteriolosclerosis 
in a hypertensive patient and that, since these arteriolar lesions may 
contribute to the release of renin and the activity of the renal vaso- 
pressor system, sympathectomy may thus interrupt for a time the 
progress of the disease. 
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A NEW METHOD FOR PHYSIOLOGIC DECOMPRES- 
SION AFTER GASTRIC OPERATIONS 


PRELIMINARY REPORT 


WILLIAM RAFFEL, M.D. 
BALTIMORE 


Surgeons have for many years attempted decompression of the 
stomach after gastroenterostomy or subtotal gastric resection. This was 
finally accomplished with the Wangensteen suction method, and the 
morbidity and mortality of gastric surgical procedures were materially 
reduced. However, experimental work by Peters and others has shown 
that acid ions (chiefly chlorides), when removed from the stomach by pro- 
longed vomiting or by continuous suction drainage, cannot be replaced 
by the parenteral administration of saline solution, because of the cel- 
lular depletion of acid ions with the resultant base retention and cellu- 
lar edema. It was thus shown that the disrupted acid-base equilibrium 
can be reestablished only after prolonged oral administration of the 
required acid components. The continued maintenance, therefore, of 
the acid-base equilibrium from the time of the operation is likely to pre- 
vent to some degree the usual edema at the stoma. The obvious answer 
to the problem is replacement of the normal gastric secretion plus admin- 
istration of a maintenance dose of salt and fluid. 

Another problem which has caused no little concern is closure of 
the duodenal stump after subtotal gastric resection. A considerable 
percentage of the operative mortality following this procedure has been 
due to peritonitis following the blowout of the duodenal stump, which 
is frequently left rather short and with little serosal covering. The 
cause of disruption of the duodenal suture line is believed by some 
surgeons to be obstruction (early) at or near the stoma of the anasto- 
mosis, and large quantities of duodenal contents are found in the peri- 
toneal cavity when this complication occurs. 

Hypoproteinemia occurs rather early after gastric resection and is 
overcome to some degree by transfusion of either plasma or blood. 

It was therefore deemed advisable to devise a method which would 
decompress not only the stomach but the duodenal loop. Such a 
procedure would be particularly advantageous if at the same time one 


From the Surgical Service of the Sinai Hospital of Baltimore. 
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could feed back into the normal distal jejunal loop the secretions col- 
lected from the stomach and duodenum plus such exogenous material 
as might be required. Tension at the suture lines would then be mini- 
mized. Cellular edema could be controlled and hypoproteinemia over- 
come. It was further surmised that the pancreatic enzymes, bile and 
gastric secretion fed into the jejunal loop could reinstitute the function 
of the duodenum. However, it was feared that jejunal ulcerations 
might occur as the result of such a process, and work dealing with that 
possibility is now in progress. 

For the purposes mentioned a rubber tube has been devised which 
carries on all these functions simultaneously. The tube (see illustra- 
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Tube for decompression of the stomach and the duodenal loop after gastric 
resection. 


tion) consists of a soft latex rubber sheath divided into three separate 
channels, each containing a soft rubber catheter of no. 8 French 
caliber. The catheters are freely and independently movable within 


the sheath, are of distinctive colors and are opaque to roentgen rays. 
The end of the sheath is covered with a tightly fitting latex cap to 
facilitate passage of the tube. 


The tube is passed through the nasopharynx into the stomach on 
the morning of the operation. After the resection has been completed 
and the posterior layers of the gastrojejunostomy closed, the rubber 
cap is removed from the end of the sheath and the tubes distributed 
to (1) the stomach, (2) the proximal duodenal loop and (3) the distal 
jejunal loop. Tubes 1 and 2 are then attached to a negative pressure 
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trap with continuous Wangensteen suction, and the secretions, physio- 
logic solution of sodium chloride and proteins in suitable form are fed 
to facilitate passage of the tube. 


The apparatus is simply handled and easily used, and it causes no 
more discomfort to the patient than the ordinary Levine tube. 


Patients have been intubated and the practicability of the apparatus 
proved. However, the work is incomplete, and controlled experiments 
will be reported in the near future. 





EARLY RISING AND AMBULATORY ACTIVITY 
AFTER OPERATION 


A MEANS OF PREVENTING COMPLICATIONS 


D. J. LEITHAUSER, M.D. 
AND 
HOWARD L. BERGO, M.D. 


DETROIT 


Since January 1938 we have performed 383 appendectomies at St. 
Joseph’s Mercy Hospital, Detroit. Thirteen of these appendectomies 
were done in cases in which the appendix was ruptured and there was 
spreading or generalized peritonitis, and the patients were not considered 
suitable for the early ambulatory treatment about to be described. The 
diagnoses in the remaining 370 cases were as follows: chronic appendi- 
citis, 108 cases; mild appendicitis, 153 cases; acute appendicitis, 69 
cases, and empyema or gangrene of the appendix without rupture, 40 
cases (tables 1 and 2). 


RESULTS WITH THE REGIMEN IN THREE HUNDRED AND SEVENTY 
CASES IN WHICH APPENDECTOMY WAS PERFORMED 

In this series of 370 cases the average period of confinement to 
bed after operation was one and a half days and the average period of 
hospitalization after operation two and three-tenths days (tables 1 and 
2). In 2 cases Meckel’s diverticulum was also removed through the 
appendectomy incision. Confinement to bed in each of these cases was 
for one day. One patient was an obese woman who was ambulatory on 
the first postoperative day but returned to bed on the third day with a 
deep wound infection for which she was treated with sulfanilamide. She 
was again ambulatory on the eighth day. Another patient, a 24 year old 
man, was ambulatory on the first postoperative day and left the hospital 
on the fourth day. On the sixth day he appeared at the office in excel- 
lent condition, but at 4 a.m. of the eighth day he suddenly experienced a 
sharp pain in the lower part of the abdomen and reentered the hospital 
for observation. An abscess developed at the base of the cecum, which 
was drained through the abdomen. After operation he performed routine 
exercises in bed, and on the third postoperative day he was out of bed 
for short periods. The exercises were gradually increased, and he left 
the hospital on the fifteenth postoperative day. In addition, there was 
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a minor wound infection in 15 cases. The patients with infected wounds 
were not confined to bed for treatment and came to the office for dress- 
ings. There were no other complications. 

During the first twenty-four hours after operation the patients were 
given 2 ounces (60 cc.) of water every two hours and as much morphine 
as was required to relieve pain. The diet was then gradually increased. 


TaBLE 1—Number of Days of Confinement to Bed After Appendectomy in Three 
Hundred and Seventy Consecutive Cases of Appendicitis * 








Number of Cases by Grade of Appendicitis t¢ Percentage of 
ae aR remmnnnme -——_————, Total Number 
All Grades of Cases 


Total 53 i 370 100.00 


The average number of days of confinement to bed for the 370 cases was 1.5. 





* Thirteen additional cases, in which the appendix was ruptured, are excluded from this 
table and from table 2. 


+ The grades of appendicitis are as follows: 1, chronic; 2, mild, recurrent; 3, acute, 
and 4, gangrenous or accompanied by empyema without rupture. 


TaBLe 2—Number of Days of Confinement to the Hospital After Appendectomy 
in Three Hundred and Seventy Consecutive Cases of Appendicitis 








Number of Cases by Grade of Appendicitis Percentage of 
nee - —_——_——__, Total Number 
Number of Days 3 


2 3 4 All Grades of Cases 
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153 69 40 370 100,00 


The average stay in the hospital after appendectomy for the 370 cases was 2.3 days. 





Enemas and cathartics were not given, but liquid petrolatum was usually 
prescribed on the third or fourth day. 


After operation the patients were turned frequently in bed and were 
instructed to be active and to take deep breathing exercises at regular 
intervals. On the first postoperative day, provided conditions were satis- 
lactory, they were assisted in sitting on the edge of the bed (after assum- 
ing the right lateral position) and then in standing beside the bed for deep 
breathing exercises. (This consumed only a few moments.) While in 
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each position they were instructed to take several deep inhalations and 


were urged to cough. This procedure seldom failed promptly to « 


lear 
the lungs of accumulations of mucus. After this was accomplished they 


were permitted to walk about the room and to sit in a chair for a fey 
moments, and then they returned to bed. On returning they sat on the 
edge of the bed and reclined on the right shoulder. These sitting-up and 
ambulatory exercises were always first carried out under the supervision 
of one of us. Such exercises were then repeated during the first post- 
operative day with the assistance of a nurse, and thereafter the patients 
were encouraged to increase their activities voluntarily. They left the 
hospital by automobile and routinely presented themselves at the office 
for the first dressing on the sixth postoperative day. Rarely was it 
necessary to see the patients in their homes. However, on dismissal from 
the hospital instructions were given to communicate with us by telephone 
the following day. A vast majority of the patients, selected on the basis 
of their mental attitude and general well-being, were permitted to do light 
work on the eighth day and to undertake heavy manual labor on the 
fourteenth day. 


RESULTS WITH THE REGIMEN IN_ SIXTY-SIX CASES IN 
WHICH OTHER OPERATIONS WERE PERFORMED 

We were so impressed by the rapid recovery and the freedom from 
complications in the cases in which appendectomy was performed that we 
were induced to apply this method of postoperative care after other 
operations, and more recently we have used it with all types of major 
surgical procedures. The results after these operations were also 
gratifying. 

In a series of 66 cases the average period of confinement to bed after 
operation was one and nine-tenths days and the average period of post- 
operative hospitalization eight and nine-tenths days (table 3). In com- 
puting these averages we included the periods for 3 patients who under- 
went cholecystotomy for obstructive jaundice, marsupialization of a 
pancreatic cyst and cholecystotomy for biliary cirrhosis; these patients 
were hospitalized for twenty-one, thirty and thirty days, respectively. 
There were no complications in these cases, but the patients chose to 
remain in the hospital because of drainage. 

In 1 case an exploratory operation was performed because of sudden 
severe abdominal pain and boardlike abdomen (probable diagnosis, 
perforated duodenal ulcer). No pathologic condition was found. The 
patient was confined to bed for one day. 

In another case a Devine antral exclusion operation was performed 
for massive hemorrhages from a gastrojejunal ulcer. The patient was 
in a critical condition on admission and was still a poor operative risk 
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after three weeks of preparation. After operation his condition was 
unsatisfactory. However, deep breathing and special exercises of the 
voluntary muscles were employed during his confinement to bed. On 
the second postoperative day he sat on the edge of the bed; he stood 
beside the bed on the third day and was ambulatory on the fourth day 
and thereafter. He had a normal bowel movement on the seventh day 
and left the hospital on the eleventh day in good condition. Three days 
later he experienced a severe pain in the epigastrium and was rehos- 


Taste 3.—Number of Days of Confinement to Bed and to the Hospital After 
Operation in Sixty-Six Cases 











Average Number of Days 
After Operation Spent 
Number -— A a, 


1 In 
Operation ‘ases Hospital 


Celiotomy (for bleeding jejunal ulcer)*.................. : 7.0 
Cholecystectomy t¢ : A 8.3 
Choleeystotomy; .. ; p 2. 26.0 
Devine operation (fo 2. 11.0 
Excision of retroperitoneal . 6.0 
Exploratory laparotomy i 6.0 
Gastrectomy . d 11.0 
Gastroenterostomy ..... p f 9.5 
Herniorrhaphy § { 8 6.5 
Marsupialization of pancreatic cyst ; 5. 30.0 
Nephrectomy . 9.0 
Pelvie operations: 
Hysterectomy atti ihda, wiht nik ; 2. 8.1 
Oophorectomy, unilateral || .. d 3. 12.0 
Salpingectomy, bilateral 11.0 
Other procedures j 6.7 
Prostatectomy ..... 4 2, 18.0 
Removal of adhesions (intestinal obstruction) ‘ 9.5 
Splenectomy - st : 8.5 
Thyroidectomy  ... leg f 6.0 


1 the hospital was 8.9 days. 





* Both operations were performed on the same patient, who died. He underwent the Devine 
operation on Dee. 3, 1940 and celiotomy on Jan. 2, 1941. 

+ Gallstones were present in 14 cases, in 2 of which the gallbladder was gangrenous. 

{| In 1 case there was biliary cirrhosis. 

$ There was a direct inguinal hernia in 2 cases, in 1 of which an operation for perineal 
repair was performed and in the other appendectomy, in addition to herniorrhaphy. 

' In 1 ease there was a large ovarian abscess. 

‘In 1 ease the patient had diabetes and partial heart block. 


pitalized. Roentgen examination revealed a gastrojejunal ulcer at the 
new outlet. Several days later he had a severe gastric hemorrhage and 
Was operated on again. A new ulcer had perforated at the gastrojejunal 
junction but was walled off. This site was entered during the explora- 
tion. The patient went into severe shock, and his condition did not 
permit further operative procedures. A catheter was placed in the 
jejunum through the perforation and the abdomen closed. The usual 
emergency measures were employed and were followed later by deep 
breathing exercises and special exercises of the voluntary muscles. By 
the first postoperative day the patient was able to sit on the edge of the 
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bed, and for a short period on each day thereafter he stood beside the 
bed for deep breathing exercises. During the seventh night after opera- 
tion he had another severe gastric hemorrhage, and he died the following 
day. Postmortem examination revealed “multiple ulcers of the jejunum 
at the point of second gastrojejunal anastomosis, probably due to a blood 
dlyscrasia.”’ 

The postoperative treatment in this series of cases was much the same 
as that used after the appendectomies except that for the sicker patients 
periodic rhythmic contractions of the voluntary muscles were also 
employed at regular intervals and that the exercises out of bed (standing 
beside the bed for deep breathing and the beginning of ambulatory 
activity) proceeded somewhat more slowly and usually were performed 
only once daily for the first day or two under the supervision of one 
of us. 


Improvement was usually rapid with this method of management. 
Wangensteen suction was instituted in from one to several days after 
operation in the cases in which more serious operations on the upper 


part of the abdomen and the pelvis were performed. Small enemas 
were given only occasionally and then only when rectal examination 
revealed that they were necessary. Transfusions, parenteral administra- 
tion of fluids and chemotherapy were also employed when indicated. 
Many of the patients appeared at the office for removal of skin retention 
sutures on the tenth or the eleventh day after operation. Many patients 
were permitted to do light work on the twenty-first postoperative day. 
There were no wound infections in this series. 


COMMENT 

For all appendectomies a muscle-splitting incision was used, and the 
wound was closed with single, no. 0 chromic catgut. In all operations 
on the gallbladder an oblique incision below the costal arch, bordering on 
the transverse, which severed all structures, was employed. All abdom- 
inal incisions were closed with continuous, double, no. 0 chromic catgut 
for the peritoneum and the posterior fascia, and one or more interrupted 
buried sutures of steel wire, with a continuous suture of double, no. 0 
chromic catgut, were used for the anterior sheath. The suture of steel 
wire consists of a double loop, the first loop including the fascia about 
one-half inch (1.3 cm.) from the edge and the second approximating the 
edges before ligation.!. In some of our more recent cases interrupted 
double loop sutures of nylon were employed. All abdominal operations 
were performed with the patient under spinal anesthesia. 

We have seen no untoward effects from this method of management 
and are convinced that the morbidity, the number of complications and 


1. Jones, T. E.: Personal communication to the authors. 
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the period of disability have been materially reduced because of the 
exercises in bed, the early rising and the ambulatory activity. 

Since there were no pulmonary or vascular complications (except 
hemorrhage) in the entire series, our clinical results suggest the possi- 
bility that certain pathologic reflexes* originating from the area of 
mechanical and chemical injury impair respiration and initiate a delay 
in peripheral circulation, which leads to complications, and that strict 
confinement to bed favors the development of such complications. The 
following effects are produced by the pathologic reflexes and the recum- 
bent position : 

1. There is a limited excursion of the thoracic cage, which delays 
the capillary circulation in the lungs and the return flow in the vena 
cava and the portal system and also favors the accumulation and the 
retention of bronchial secretion. McMichael and McGibbon,’ on the 
basis of their work on respiration at the Royal Infirmary, Edinburgh, 
estimated that in the recumbent position the total volume of air in the 
lung is decreased by 340 cc. on the average and the total volume of blood 
in the pulmonary vessels is materially increased. Khromov * reported 
that those of his patients who were confined to bed for four to six days 
after appendectomy had a temporary reduction in vital capacity of from 
36 to 48 per cent. 

2. Vasospasm and capillary dilatation are produced, which results 
in sluggish peripheral circulation. Ochsner and DeBakey ** have demon- 
strated by means of plethysmographic tracings that vasospasm is present 
in cases of thrombophlebitis and that it can be relieved by infiltration of 
the paravertebral ganglions with procaine hydrochloride. 

If these conditions are prolonged and the delay in circulation reaches 
the point of anoxia, impairment of cellular metabolism may occur. One 
can readily appreciate how this would favor the development of com- 
plications. 


Many surgeons are conscious of the importance of stimulating the 


circulation after surgical procedures and advocate gymnastics and deep 


2. (a) Khromov, B. M.: Value of Early Rising After Operation in Preven- 
tion of Postoperative Pulmonary Complications, Sovet. khir., 1936, no. 9, p. 389. 
(b) Kuntz, A.: The Autonomic Nervous System, ed. 2, Philadelphia, Lea & 
Febiger, 1934, p. 476. (c) Ranson, S. W.: Anatomy of the Nervous System, ed. 
4, Philadelphia, W. B. Saunders Company, 1931, p. 342. (d) Ochsner, A., and 
DeBakey, M.: The Rational Consideration of Peripheral Vascular Disease Based 
on Physiologic Principles, J. A. M. A. 112:230 (Jan. 21) 1939; Thrombophlebitis : 
Role of Vasospasm in the Production of Clinical Manifestations, ibid. 114:117 
(Jan. 13) 1940; Treatment of Thrombophlebitis by Novocaine Block of Sympa- 
thetics, Surgery 5:491 (April) 1939. 

3. McMichael, J., and McGibbon, J. P.: Postural Changes in Lung Volume, 
Clin. Se. 4:175 (Dec.) 1939. 
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breathing exercises in bed.* Many of the patients of Mermingas * who 
underwent appendectomy were ambulatory on the day of the operation, 
Mukhina * reported 527 cases of appendicitis in which operation was 
performed during the acute stage of the disease; in 59 per cent the 
patient was ambulatory on the first day, in 23 per cent on the second 
day, in 8 per cent on the third day and in the remaining 10 per cent 
shortly afterward. There were pulmonary complications in 13 cases 
and minor complications in a few others but no deaths. Kimbarovsky ' 
reduced the incidence of pulmonary complications following gynecologic 
operations from 4.49 to 0.79 per cent, and the incidence of complications 
following gastric operations from 12.5 to 0.66 per cent, by getting the 
patients out of bed soon after operation. 

When are early rising and ambulatory activity contraindicated, and 
when should these measures be instituted? Early rising and ambula- 
tory activity after surgical operations on the abdomen are contraindicated 
if the pathologic reflexes are too pronounced, that is, if there is undue 
rigidity of the abdomen, undue intestinal distention or severe shock. 
During the period immediately after operation change of position, deep 
breathing exercises and periodic rhythmic contractions of voluntary 
muscles are employed. Paralytic ileus and severe shock as a rule occur 
early, usually within twenty-four hours after the operation. It is usually 
after this twenty-four hour period that atelectasis, pneumonia, throm- 
bophlebitis, embolism and the detrimental effects of anoxia and toxic 


retention in the vital organs occur; it is during the intermediate period 
that early rising and graduated ambulatory activity should be instituted. 
The patient may be ambulatory with a Wangensteen tube in position. 
No patient should ever be ambulatory who has marked abdominal 
distention or an insecure wound. 


CONCLUSIONS 

In a large percentage of cases prolonged confinement to bed after 
operation may be conducive to complications. In the cases reported the 
patients who were active on the first postoperative day had the most 
favorable convalescences. No dehiscence, hernia, pneumonia, throm- 
bophlebitis or other serious complications (except 1 instance of fatal 
hemorrhage) occurred in the entire series of 436 cases in which earl) 
rising and ambulatory activity were employed. 


4. Pool, E. H.: Systematic Exercise in Postoperative Treatment, J. A. M. A 
60:1202 (April 19) 1913. 


5. Mermingas, K.: Die Appendektomie ohne folgende Muskelnaht, Zentralbl. 


f. Chir. 60:553 (March 11) 1933. 


6. Mukhina, M. V.: Early Rising After Appendectomy in Acute Period, 


Vestnik khir. 40:231, 1935. 
7. Kimbarovsky, cited by Khromov.?# 
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(Jur records show that this method of postoperative management is a 


sale procedure. It decreases atrophy from disuse of the sutured layers 


and may promote healing by improving the circulation in the area of the 
wound. Early rising and graduated ambulatory activity, instituted at 
the opportune time, constitute an effective method of decreasing mor- 
bidity and complications by increasing the rate and the depth of breathing 
and by increasing the tone and the use of the skeletal muscles, thus 
improving the circulation in the pulmonary, systemic, portal and 
lymphatic systems. It probably promotes the return of normal function 
of the vital organs and aids elimination through the kidneys. It shortens 
the period of disability, which is a monetary saving, although this has 
not been a factor in determing our course of treatment. 





CARCINOMA OF THE CYSTIC DUCT 


REPORT OF A CASE AND COMMENTS ON LIGATION OF THE 
HEPATIC ARTERY IN MAN 


ALEXANDER BRUNSCHWIG, M.D. 
AND 
DWIGHT E. CLARK, M.D. 


CHICAGO 


Carcinoma of the cystic duct is rare. Stewart, Lieber and Morgan, 
in a critical review of the 27 cases which they found reported in the 
literature, divided them into four groups: 1. Those in which there 
appeared to be also gross involvement of the gallbladder. 2. Those in 
which histologic study of the neoplasm in the cystic duct and gall- 
bladder was lacking. 3. Those in which histologic study of the gall- 
bladder was lacking. 4. “A case of small localized polypoid tumor of 
the cystic duct, together with metastases in the liver, abdominal lymph 
nodes, in Virchow’s node, and the rectal wall. The tumor in the 
cystic duct was diagnosed histologically as carcinoma solidum. The 
gallbladder was not described, and the rectum was insufficiently con- 
sidered as a possible primary source for the growth.” These authors 
in conclusion stated: “We are therefore unable to consider any of these 
cases as indisputable instances of primary carcinoma of the cystic duct. 
Obviously extreme care must be taken to exclude cancer of the gall- 
bladder, pancreas, stomach, duodenum and rectum in order to sub- 
stantiate the case.” 

The purpose of this report is to record what appears to be an 
instance of primary carcinoma of the cystic duct, together with the 
experiences in attempting to remove it. 


REPORT OF CASE 


A white man aged 63 was admitted to the medical service Oct. 6, 1940, com- 
plaining of “soreness and heaviness in the stomach,” icterus and generalized 
pruritus of three weeks’ duration. His usual weight was stated to be 190 pounds 
(86 Kg.), but on his admission to this hospital his weight was 169 pounds (76.7 
Kg.). General physical examination gave essentially negative results except for 
generalized moderately severe icteric discoloration. The leukocyte count was 
9,000 and the erythrocyte count 4,530,000 per cubic millimeter of blood; the icteric 


From the Departments of Surgery and Medicine, the University of Chicago 


1. Stewart, H. L.; Lieber, M. M., and Morgan, D. R.: Carcinoma of the 
Extrahepatic Bile Ducts, Arch. Surg. 41:662 (Aug.) 1940. 


1094 


index W 
rate wa! 
were ne 
no evide 

The 
ampulla 

Lape 
anesthe: 
Explors 
region « 
in diam 
felt nor 
dilated, 
The ga 
a few : 
the ma 
togethe 


Fig 
the he 


forme 
broug 
duct | 
facilit 
fluenc 


fluenc 
becan 
arter’ 
tion. 
of a 
other 
serie: 


drain 





BRUNSCHWIG-CLARK—CARCINOMA OF CYSTIC DUCT 1095 


index was 115. The blood pressure was 110 systolic and 65 diastolic. The pulse 
rate was 72. The temperature was normal. The Wassermann and Kahn reactions 
were negative. Roentgenograms of the chest revealed no abnormality. There was 
no evidence of calcified stone in the gallbladder. 

The clinical impression was carcinoma of the head of the pancreas (or of the 
ampulla of Vater). 


Laparotomy (October 8).—Procaine hydrochloride spinal, ethylene and ether 
anesthesia was used. The abdomen was entered through a high midline incision. 
Exploration revealed nothing abnormal except a very hard rounded mass in the 
region of the confluence of the cystic and hepatic ducts. This mass was about 3 cm. 
in diameter and was surrounded by fibrous adhesions. The head of the pancreas 
felt normal. The confluence of the hepatic ducts above the mass was considerably 
dilated, whereas below the mass the common duct was almost of normal size. 
The gallbladder was not markedly distended; its wall was slightly thickened, and 
a few small gallstones were palpated within it. It was possible to ascertain that 
the mass was not closely adherent to the portal vein, and resection of the mass, 
together with the gallbladder, was accomplished by transection through the con- 


a 
a 


Fig. 1—Diagrammatic illustration of the method employed in anastomosis of 
the hepatic duct and the lower segment of the common duct after resection of 
the gallbladder, cystic duct, carcinoma and a segment of the hepatic artery. 

Prior to anastomosis (a) there was a marked difference in size between the 
confluence of the hepatic ducts (H) and the lower segment of the common duct 
(A). A slit was made on the anterior aspect of the latter. 

Anastomosis (b) between the hepatic ducts and the common duct was per- 
formed with interrupted silk sutures. The long arm (T) of the 7 tube was 
brought out through the lower angle of the split in the wall of the common 
duct and is thus away from the main line of the anastomosis. The split also 
facilitates accommodation of the smaller common duct orifice to the larger con- 
fluence of the hepatic ducts. 


fluence of the hepatic ducts above and the common duct below. During this step it 
became evident that a segment of hepatic artery had been removed, since this 
artery coursed through the tumor. Ligation was performed at the limits of resec- 
tion. A longitudinal slit was made in the common duct to accommodate the stem 
of a T tube, one arm of which extended upward into the hepatic duct and the 
other into the common duct (fig. 1). Anastomosis was accomplished by a circular 
series of interrupted black silk sutures. The abdomen was closed with a cigaret 
drain placed into the right renal fossa. A silk technic was used throughout. 
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Surgical Pathologic Study.—The specimen consisted of a normal-sized gall- 
bladder with slightly thickened walls. When opened it contained about 10 cc. of 


very thick, pale green mucoid secretion and several small pigmented gallstones. 


The mucosal surface was smooth, intact and covered with flakes of soft greenish 
and reddish material. The neck of the gallbladder appeared to arise from a 
rounded tumor mass 3.2 cm. in diameter, which had replaced the cystic duct 
(A, fig. 2) and whose surface was roughened by cut fibrous adhesions. At what 














Fig. 2—Above, surgical specimen of the gallbladder. Note the tumor mass 
(T) involving the cystic duct and the excised segment of the common duct, CD. 
The opened gallbladder is seen from the serosal aspect; the cut edges are rolled 
upward. An incision has been made into the tumor mass, showing yellow-gray 
mottled surfaces. A, patent orifice of the excised segment of the hepatic artery. 
Below, surgical specimen seen from the opposite aspect. M, mucosal surface of 
gallbladder; O, proximal orifice of the cystic duct tightly dilated by yellow-gray 
tumor mass arising in the cystic duct and pressing backward toward the lumen 
of the gallbladder. 


appeared to be the junction of the gallbladder with what had been the cystic duct 
there was a rounded, tightly stretched rim of mucosa over a firm grayish yellow 
mass bulging backward toward the gallbladder (B, fig. 2). The appearance was 
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that of a mass that had filled completely the cystic duct and was expanding 
backward in its lumen. The tip of a probe could be inserted between the stretched 
rim of the mucosa and the tumor mass, elevating the former off the latter. Over 
the opposite aspect of the mass, i. e., away from the gallbladder, there was a 
segment of common bile duct 3 cm. in length (A, fig. 2). Most of the circum- 
ference of this duct was closely adherent to the tumor mass and could not be 
easily peeled away from it. The mucosa appeared intact and normal. The 
entrance of the cystic duct was readily identified but could be followed for only 
about 3 mm. before the finely granular gray-yellow surface of the tumor mass 
was encountered completely filling the lumen; at this point the identity of the 
cystic duct was lost. Almost in the center of the tumor mass and coursing 
parallel to the segment of the common duct was a segment of artery identified 
as the hepatic artery. The walls were closely adherent to the surrounding tumor 








Fig. 3—Photomicrograph of a carcinoma of the cystic duct, showing marked 
anaplasia and two types of cells, those with granular cytoplasm and the so-called 
clear cells. 


tissue. Incision into the tumor mass failed to reveal gross structures suggesting 
remnants of the cystic duct. Indeed, the latter seemed to have been completely 
replaced. Multiple yellowish pockets of soft degenerated tissue were present 
throughout the mass. 

Microscopic study of sections of the tumor showed it to be composed of 
irregular masses and cords of rather large polyhedral and square cells with 
moderate-sized vesicular nuclei. Two types of tumor cells were readily identified 
(fig. 3)—cells with finely granular cytoplasm and cells with cytoplasm which 
appeared practically clear (clear cell type of carcinoma). Occasionally both types 
of cells exhibited an arrangement which suggested acinar or alveolar formation. 
Many scattered areas of necrosis with leukocytic infiltration were present. Sec- 
tion through the walls of the common bile duct and the hepatic artery showed 
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infiltration of the serosal layers by nests of tumor cells. Sections through the 
wall of the gallbladder showed serosal thickening and slight diffuse leukocytic 
infiltration of all layers of the wall. The mucosa was intact. 
were observed in the sections of gallbladder wall studied. 

The surgical pathologic diagnosis was carcinoma of the cystic duct, with 
infiltration about the common bile duct and the hepatic artery. 

Course.—The immediate postoperative course was satisfactory. The maximum 
temperature was 99.6 F. and was noted on the second day. The temperature was 
normal thereafter. Drainage from the T tube varied from 300 to 1,000 cc. of 
bile per day; it was more often closer to the latter figure. The icterus, however, 
increased for three days, the icteric index being 200 on the third postoperative 
day. The appetite rapidly returned, and by the seventh day the patient was eating 
well of a soft diet. There was no abdominal distention. On the tenth day there 
was profuse biliary drainage about the T tube as well as through it. The patient 
complained of epigastric pain and vomited between 1,000 and 2,000 cc. of bile- 
stained fluid containing undigested food. There was no abdominal distention or 
rigidity. By the fourteenth day satisfactory convalescence was apparently con- 
tinuing. On the fifteenth day vomiting recurred. By the nineteenth day most 
of the bile was being discharged about the T tube. The tube was therefore 
removed (it came away easily). All skin sutures also were removed. The leuko- 
cyte count was 13,600 and the erythrocyte count 4,400,000 per cubic millimeter 
of blood. On the twentieth day there was discomfort in the upper part of the 
abdomen and the patient exhibited a drawn expression. On the twenty-first day 
he vomited several times. The icteric index was 62, the lowest since admission. 
On the evening of the twenty-second day administration of a 10 per cent solution 
of casein digest (amino acids) intravenously was started, and during the subsequent 
hour and a half 200 cc. was given; at about 10 p. m., there was a moderately severe 
chill, and the intravenous injection was then discontinued, after which all discomfort 
disappeared. However, the patient died suddenly about one and a half hours later. 
There had been no recurrence of untoward symptoms. 

The values for plasma protein were as follows: day before operation, 6.59 Gm. 
per hundred cubic centimeters; fourth postoperative day, 5.91 Gm.; sixth post- 
operative day (two days before death), 4.1 Gm. 

Necropsy was performed in the department of pathology of the University of 
Chicago Clinics. The salient gross features were: 1. There was no peritonitis. 
2. On the anterior margin of the right lobe of the liver there was a sharply 
demarcated, wedge-shaped area of infarction with the apex toward the hilus, 
measuring 8 cm. in its greatest diameter; a similar area, 3 cm. in diameter, was 
seen at the posterior midmargin of the right lobe. There were no metastases. 
3. The anastomosis of the extrahepatic bile ducts was intact except at the point 
of exit of the previously inserted T tube. 4. The pancreas was normal. 5. Eight 
millimeters below the pylorus there was a sharply outlined acute duodenal ulcer 
measuring 8 by 4 mm. There was no evidence of hemorrhage from this. 

The salient histologic observations were: 1. There were moderate chronic 
passive congestion of the liver and some bile canaliculi distended with bile. There 
was slight diffuse lymphocytic infiltration. No fatty degeneration or infiltration 
was observed. There was beginning organization of the infarcts about their 
peripheries. The appearance of the infarcted areas was characteristic; i. e., there 
was massive coagulation necrosis with preservation of cell “shadows.” 2. No 
definite metastases to lymph glands were seen, but small nests of tumor cells 
were present in the fibrous tissue about the resected portions of the bile ducts. 
3. The duodenal ulcer had eroded to the muscularis. 


No tumor cells 
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COMMENT 


The exact cause of death in this instance is not clear, though it is 
suggested that there was ultimate hepatic failure of some type, in view 
of the very rapid fall in the level of plasma proteins from 5.91 to 
6.18 Gm. per hundred cubic centimeters on the fourth and sixth post- 
operative days to 4.1 Gm. twelve days later, two days before death. 
This could hardly be accounted for on a dietary basis. The failure of 
the liver must certainly have been the result of resection of the hepatic 
artery, which procedure was the direct cause of the infarcts. It would 
appear, however, that some degree of recovery from the latter occurred, 
since the patient survived the operation for twenty-two days and organi- 
zation of the infarcts had begun. Further evidence that the liver 
functioned to some extent for a time at least is afforded by the fact 
that on the day before operation the value for prothrombin was 46 
per cent; on the day of operation (vitamin K had been administered, 
and this was continued daily for a time) it rose to 86 per cent; on the 
sixth day it was 82 per cent, and it reached 100 per cent on the ninth 
day, after which no more of the vitamin was given. Unfortunately no 
prothrombin determinations were made subsequently. The reaction to 
the injection of the casein digest is not considered by the writers as the 
principal cause of death, since apparent complete recovery from the effects 
of this had occurred prior to death. 

Survival after ligation in stages of the principal hepatic arteries in 
experimental animals has been reported by a number of investigators 
(see review by Huggins and Post,’ with reports of their own experi- 
ments). Alessandri*® in 1937 was able to collect from the literature 10 
instances of ligation of the hepatic artery in man. In 6 the result was 
fatal, and in 4 there was recovery. It is of course probable that com- 
plete or partial ligation of the hepatic artery has been followed by 
recovery more often than the number of case reports would indicate, 
since it could take place inadvertently and without the actual knowledge 
of the operator. Alessandri also reviewed the 18 case reports of liga- 
tion of one of the principal branches of the hepatic artery. There were 
7 instances of immediate fatality, with necrosis of the corresponding 
lobe, and 11 instances of recovery. 

It would appear that in man recovery from ligation of the hepatic 
artery or one of its principal branches depends on the extent of collateral 
arterial circulation present in the particular patient, which in turn 


2. Huggins, C., and Post, J.: Experimental Subtotal Ligation of the Arteries 
Supplying the Liver, Arch. Surg. 35:878 (Nov.) 1937. 

3. Alessandri, R.: Aneurysm of Hepatic Artery, in Nelson New Loose- 
Leaf Surgery, New York, Thomas Nelson & Sons, 1937, vol. 5, chap. 10-A, 
p. 608A. 
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depends on the presence or absence of accessory or otherwise adequate 
“anomalous” branches. Such anomalies are apparently common, and 
Alessandri cited the gross anatomic investigations of Tandler : 


to indicate their presence in 32 per cent of patients. The anomalics 
which so styled if present would tend to permit survival following ligation of the 
hepatic artery or one of its principal branches include the origin of an accessory 
hepatic artery from the superior mesenteric, inferior mesenteric, right suprarenal, 
spermatic, right renal and from the aorta itself. Rabinovitsch (cited by Ales- 
sandri) investigating the arterial blood supply of the liver in 66 cadavers found 
the hepatic-coronary in 28 per cent of the cases and the hepatic-mesenteric in 18 
per cent. “In other words this condition of the existence of an accessory vessel 
occurs in 46 per cent, i. e. almost half of the cases.” 


SUMMARY 


A case of carcinoma of the cystic duct is reported. Removal of the 
tumor entailed resection of a segment of the common duct and the main 
hepatic artery. Death ensued in twenty-two days after operation and 
was attributed to failure of the liver incident to interruption of the 
hepatic artery. 
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Abdomen: See also Pelvis; Peritoneum; etc. 
Lymph Nodes: See Lymph Nodes 
peritoneoscopy for abdominal ascites, 888 
progressive bacterial synergistic gangrene; 

involvement of abdominal wall; report of 
unusual case, 719 

Abnormalities and Deformities: See under names 
of organs and regions, as Appendix; Foot, 
deformities; Forearm; Ribs; Testicles; etc. 

Abscess: See also names of organs and regions, 

as Cerebellum ; Meninges; etc. 
appendical, 304 
appendical, primary, 156 

Acetabulum: See Hip Joint 

Acromioclavicular Joint: See 

Actinomycosis, pelvic, 1060 

Activity, early rising and ambulatory activity 

after operation; means of preventing com- 
plications, 1086 

Adenitis: See Lymph Nodes 

Adipose Tissue: See Fat 

Adolescence, generalized epiphysiolysis, 176 

Adrenals, metastasis of primary carcinoma of 

breast with reference to spleen, adrenal 
glands and ovaries, 1003 
Age, some factors in lowered mortality rate 
for acute appendicitis; analysis of 2,013 
consecutive cases, 25 
Alkali, role of alkali therapy for peptic ulcer 
information of urinary calculi, 632 
Allen, J. G.: Destruction of prothrombin and 
storage of vitamin K, 969 
Postoperative hypoprothrombinemia and an- 
esthesia, 522 
Allergy: See Anaphylaxis and Allergy 
Amputations, congenital, 175 
Anaphylaxis and Allergy as cause of lymph- 
adenopathy, 85 

Anastomosis: See Intestines 

Anderson, G. C.: Fungous infections of brain; 
report of 4 cases, 379 

Androp, 8S.: Vertebral compression 
sustained during convulsions, 550 

Andrus, W. DeW.: Changes in liver associated 
with hyperthyroidism, with study of plasma 
prothrombin levels in immediate postopera- 
tive period, 643 

Anemia, pernicious, following total gastrectomy, 
18 


Shoulder 


fractures 


Anesthesia: See also Surgery 
and postoperative hypoprothrombinemia, 522 
gangrene following digital nerve block anes- 
thesia ; report of case, 929 
joint analgesia, 182 
relation of scalenus anticus muscle to pain 
in shoulder; diagnostic and therapeutic 
value of procaine infiltration, 739 
some factors in lowered mortality 
acute appendicitis: 
secutive cases, 25 
spinal, and surgical shock, 795 
Anesthetics: See Anesthesia 
Anhydremia: See Dehydration 
Ankylosis: See Spine 
Anomalies: See under names of organs and re- 
gions, as Foot, deformities; Legs, de- 
formities; etc. 
Anuria: See Urine, suppression 
Anus: See Rectum 
Apparatus: See also Instruments 
functions of extrahepatic bile ducts and se- 
cretory function of liver; clinical study on 
relation between duodenal movements and 
evacuation of bile into duodenum during 
fasting, 693 
pulmonary embolism; experimental study of 
variations in volume blood flow in inferior 
vepa cava of dog, 661 


rate for 
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Appendectomy: See also Appendicitis 
early rising and ambulatory activity after 
operation; means of preventing complica- 
tions, 1086 
Appendicitis: See also Abdomen ; 
tomy; Appendix 
acute, some factors in lowered mortality rate; 
analysis of 2,013 consecutive cases, 25 
acute, with gangrene, 304 
acute, with perforation and peritonitis, 305 
primary appendical abscesses, 156 
treatment at Frankford Hospital; 36 
survey of 4,650 cases, 296 
Appendix, abnormalities; appendix vermiformis 
duplex, 311 
Abscess: See Appendicitis 
Arce, J.: Hydatid cyst of liver, 973 
Hydatid disease (hydatidosis) ; pathology and 
treatment, 1 
Arkin, A. M.: Absolute muscle power; internal 
kinesiology of muscle, 395 
Arms: See Extremities; Forearm; Radius; etc. 
Arteries: See also Blood, pressure; Embolism ; 
etc. 
carcinoma of cystic duct; report of case and 
comments on ligation of hepatic artery in 
man, 1094 
pulmonary, visualization during its 
obstruction, 1034 
Arthritis: See also Rheumatism 
and para-arthritis (bursitis and spondylitis) 
treated with roentgen ray, 181 
deformans, parathyroid function and osseous 
disease, 175 
foreign body arthritis, 180 
gonorrheal, 636 
nondestructive tuberculous polyarthritis versus 
tuberculous rheumatism (Poncet) ; report of 
case, 956 
polyarthritis and lymphadenopathy, 99 
treatment with sulfur, 182 
Ascites, abdominal, peritoneoscopy for, 888 
fluid replacement in surgical states with ref- 
erence to transfusion of ascitic fluid; clini- 
cal and experimental study, 453 
Atlas, L. N.: Traumatic vasospastic dystrophy 
of extremities, 1042 
Atrophy, muscular atrophy and 
thyrotoxicosis, 183 
Avitaminosis: See under Vitamins 


Bacilli: See Bacteria 
Bacilluria: See Urine, bacteria 
Bacteria: See also Staphylococci; etc. 
bacteriai infection as cause of lymphadeno- 
pathy, 87 
progressive bacterial synergistic gangrene; in- 
volvement of abdominal wall; report of 
unusual case, 719 
some factors in lowered mortality 
acute appendicitis ; 
secutive cases, 25 
Bactericides: See Germicides 
Bailey, G.: Seventy-third report of progress in 
orthopedic surgery, 172 
Baker, T. W.: Pneumatocele occipitalis, 858 
Batts, M., Jr.: Periosteal fibrosarcoma, 566 
Beck, W. C.: Timing operative intervention for 
acute intestinal obstruction, 581 
Beling, C. A.: Selection of cases for peritoneo- 
scopy, 872 
Bergo, H. L.: Early rising and ambulatory 
activity after operation; means of prevent- 
ing complications, 1086 
Bile, experimental bile pancreatitis with ref- 
erence to recovery and to toxicity of hemor- 
rhagic exudate, 126 
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Bile—Continued 
functions of extrahepatic bile ducts and secre- 
tory function of liver; clinical study on 
relation between duodenal movements and 
evacuation of bile into duodenum during 
fasting, 693 
Bile Ducts: See also Biliary Tract; Gallbladder 
functions of extrahepatic bile ducts and secre- 
tory function of liver; clinical study on 
relation between duodenal movements and 
evacuation of bile into duodenum during 
fasting, 693 
functions of extrahepatic bile ducts and secre- 
tory function of liver; experimental study 
on relation between movements of duodenum 
and functions of biliary tract during fast- 
ing, 703 
Biliary Tract: See also Bile Ducts; Gall- 
bladder; Liver 
functions of extrahepatic bile ducts and secre- 
tory function of liver; experimental study 
on relation between movements of duo- 
denum and functions of biliary tract dur- 
ing fasting, 703 
peritoneoscopy for disease of liver, biliary 
tract or pancreas, 877 
Biller, S. B.: Primary torsion and infarction 
of appendices epiploicae, 775 
Bismuth and Bismuth Compounds, changes in 
long bones of newborn infants after ad- 
ministration of bismuth preparations, 177 
Bladder: See also Urinary Tract 
carcinoma with exstrophy, 617 
cystitis follicularis, 621 
diverticulum, 618 
tumors, 615 
Blalock, A.: Comparison of effects of heat and 
those of cold in prevention and treatment of 
shock, 1054 
Effects of uncomplicated hemoconcentration 
(erythrocytosis) with reference to shock, 
1019 
Blomquist, 0. A.: Traumatic pachymeningitis 
interna and subdural abscess, with refer- 
ence to pathogenesis and pathology, 890 
Blood: See also Anemia; Erythrocytes; Leu- 
kocytes; etc. 
circulation; differential sensitivity of sarcoma 
and normal tissues to temporary arrest 
of circulation, 917 
circulation ; pulmonary embolism; experimen- 
tal study of variations in volume blood 
flow in inferior vena cava of dog, 661 
coagulation; changes in liver associated with 
hyperthyroidism, with study of plasma pro- 
thrombin levels in immediate postoperative 
period, 643 
coagulation; destruction of prothrombin and 
storage of vitamin K, 969 
coagulation; postoperative hypoprothrombine- 
mia and anesthesia, 522 
counts; some factors in lowered mortality 
rate for acute appendicitis; analysis of 
2,013 consecutive cases, 25 
effects of uncomplicated hemoconcentration 
(erythrocytosis) with reference to shock, 
1019 
groups; improvement in blood transfusion 
service ; selection of test serums; cause and 
prevention of hemolytic reactions; role of 
subgroups A: and Ag, 321 
pressure, high; renal blood flow and sym- 
pathectomy in hypertension, 1072 
pressure, high; renal hypertension, 435 
pressure, low; spinal anesthesia and surgical 
shock, 795 
transfusion; fluid replacement in _ surgical 
states with reference to transfusion of 
ascitic fluid; clinical and experimental 
study, 453 
transfusion, improvement in service; estab- 
lishment and operation of blood transfusion 
service, 480 
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Blood—Continued 
transfusion, improvement in service: results 
of 3,077 transfusions of bank blood: sta- 
tistical analysis, 498 ° 
transfusion, improvement in service ; selection 
= Sa el cause ane prevention of 
emolytic reactions; role of subgr 
and As, 321 _—o 
ned me k i Fluids 
oice, G. N.: wenty-third report of pre 
in orthopedic surgery, 172 9 = 
Bones: See also under names of bones 
changes in long bones of newborn infants 
after administration of bismuth prepara- 
tions, 177 
Diseases: See Osteitis; Osteomyelitis; etc. 
Dystrophy: See Osteitis fibrosa 
infection in newborn, 178 
marrow in bone regeneration, 199 
osseous changes in certain diseases, 19] 
regeneration, bone marrow in, 199 
Brain: See also Cerebellum; Medulla Objon- 
gata; Meninges ; etc. 
fungous infections of; report of 4 cases, 379 
Branchial Apparatus, unusual tumors of bran- 
chial cleft origin, 347 
Breast, metastasis of primary carcinoma of 
breast with reference to spleen, adrenal 
glands and ovaries, 1003 
significance of mammary discharge in cases 
of papilloma of breast; clinical and path- 
ologic study, 203 
— I. P.: Inadequately treated cretin, 
Brunschwig, A.: Carcinoma of cystic duct; re- 
port of case and comments on ligation of 
hepatic artery in man, 1094 
Bucy, P. C.: Paralysis of conjugate lateral 
movement of eyes in association with cere- 
bellar abscess, 839 
Buirge, FR. E.: Carcinoma of large intestine; 
review of 416 autopsy records, 801 
Bursa, arthritis and para-arthritis (bursitis 
and spondylitis) treated with roentgen ray, 
181 


Bursitis: See Bursa 
Calcification: See under Kidneys; Tendons; 


etc. 

Calcium and Calcium Compounds, calcium and 
phosphorus metabolism in osteomalacia, 200 

Calculi: See Prostate, calculi; Ureters, calculi; 
Urinary Tract, calculi; etc. 

Callus: See under Fractures 

Cancer: See also Sarcoma; and under names 
of organs and regions, as Bladder; Breast; 
Gallbladder; Intestines; Lungs; Pancreas; 
Prostate; etc. 

basal cell carcinoma in youth; report of 
case, 909 

chemosurgery ; microscopically controlled 
method of cancer excision, 279 

Carcinoma: See Cancer 

Carlquist, J. H.: Primary appendical abscesses, 
156 

Cartilage: See Joints; Ribs; etc. 

Cathartics, some factors in lowered mortality 
rate for acute appendicitis; analysis of 
2,013 consecutive cases, 25 

Cells: See also Tissue 

cytology of gastric contents with reference to 
gastritis, 55 

Cerebellum, abscess; paralysis of conjugate 
lateral movement of eyes in association with 
cerebellar abscess, 839 

Charcot Joint: See under Tabes Dorsalis 

Chemosurgery, microscopically controlled method 
of cancer excision, 279 

Chest: See Thorax 

Children, malignant renal neoplasms in; review 
of 26 cases, 386 

Chordoma, cranial; clinical and _ pathologic 
study, 411 

Choroid Plexus, papilloma of, 758 
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Clark, D. E.: Carcinoma of cystic duct; report 
ef case and comments on ligation of 
hepatic artery in man, 1094 

Clark, W. A.: Fractures and dislocations of 
cervical portion of spine with review of 
89 cases, 537 

Cleveland, W. H.: Surgical lesions of pancreas ; 
review, 819 

Cohen, L. J.: Basis and treatment of calcifica- 
tion of tendinocapsular tissues, especially 
supraspinatus tendon, 1065 

old, comparison of effects of heat and those of 
cold in prevention and treatment of shock, 
1054 

Colles Fracture: See Radius, fractures 

Colon: See also Intestines; Sigmoid 

peritoneoscopy for neoplasm of colon or rec- 
tum, 877 

resection by intussusception ; 1 stage interior- 
ization procedure resulting in end to end 
anastomosis, 508 

ongress: See Societies 

onvulsions: See also Epilepsy 

vertebral compression fractures sustained dur- 
ing convulsions, 550 

yreoran, A. C.: Renal blood flow and sympa- 
thectomy in hypertension, 1072 

ourville, C. B.: Traumatic pachymeningitis 
interna and subdural abscess, with reference 
to pathogenesis and pathology, 890 

‘ranium, chordomas; clinical and pathologic 
study, 411 

retinism, inadequately treated cretin, 1048 

ystine; cystinuria, 632 

ystitis: See Bladder 

ysts: See under names of organs and regions, 
as Liver; etc. 


Dandy, W. E.: Results of removal of acoustic 
tumors by unilateral approach, 1026 

Davis, H. A.: Fluid replacement in surgical 
states with reference to transfusion of 
ascitic fluid; clinical and experimental 
study, 453 

Pathology of dehydration shock, 939 

DeBakey, M.: Carcinoma of lung, 209 

Decompression, new method for physiologic 
decompression after gastric operations; pre- 
liminary report, 1083 

Deformities: See under names of organs and 
regions, as Appendix; Foot, deformities; 
Forearm; Ribs; Testicles; etc. 

Dehydration, fluid replacement in surgical states 
with reference to transfusion of ascitic 
fluid; clinical and experimental study, 453 

pathology of dehydration shock, 939 

de Takats, G.: Visualization of pulmonary 
artery during its embolic obstruction, 1034 

Digestive Tract: See Intestines; Stomach; etc. 

Disk, Intervertebral: See under Spine 

Dislocations: See under Elbow; Hip Joint; 
Knee; Spine; etc. 

Diverticula: See under Bladder 

Dodd, H.: Progressive postoperative gangrene 
of skin, 988 

Doehring, P. C.: Macroscopically nonpathologic 
gallbladder ; clinicopathologic study, 665 

Donors, improvement in blood transfusion serv- 
ice; establishment and operation of blood 
transfusion service, 480 

improvement in blood transfusion service ; 
results of 3,077 transfusions of bank blood; 
statistical analysis, 498 

improvement in blood transfusion service; 
selection of test serums; cause and preven- 
tion of hemolytic reactions; role of sub- 
groups Ai and Ag, 321 

Drainage, some factors in lowered 
rate for acute appendicitis; 
2,013 consecutive cases, 25 

Duodenum, functions of extrahepatic bile ducts 
and secretory function of liver; clinical 
study on relation between duodenal move- 
ments and evacuation of bile into duodenum 
during fasting, 693 


mortality 
analysis of 
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Duodenum—Continued 
functions of extrahepatic bile ducts and se- 
cretory function of liver; experimental 
study on relation between movements of 
duodenum and functions of biliary tract 
during fasting, 703 
Ulcers: See Peptic Ulcer 
Dysentery and mesenteric lymphadenopathy, 91 
Dystrophy: See also Atrophy 
traumatic vasospastic dystrophy of extremities, 
1042 
vitamin Be for pseudohypertrophic muscular 
dystrophy, 184 
vitamin E for muscular dystrophies and allied 
conditions, 184 
Echinococcosis, echinococcus cyst of kidneys, 
hydatid cyst of liver, 973 
hydatid disease (hydatidosis) ; pathology and 
treatment, 1 
Elbow, dislocations; congenital 
head of radius, 173 
Elliston, W. A.: Seventy-third report of prog- 
ress in orthopedic surgery, 172 
Embolism: See also Thrombosis 
pulmonary; experimental study of variations 
in volume blood flow in inferior vena cava 
of dog, 661 
visualization of pulmonary artery during its 
embolic obstruction, 1034 
Endocrine Therapy: See under names of glands 
and hormones 
Endometrioma, inguinal, 577 
Endometrium, inguinal endometrioma, 577 
Enterostomy: See under Intestines 
Epilepsy: See also Convulsions 


dislocation of 


vertebral fractures in cases of epilepsy and 
other convulsive disorders, 551 
Epiphyses, epiphysial dysplasia puncticularis, 
176 


generalized epiphysiolysis, 176 
Epiploic Appendices: See Intestines 
Erythema; erythematous conditions and lymph- 
adenopathy, 99 
Erythrocytes: See also Anemia 
effects of uncomplicated hemoconcentration 
(erythrocytosis) with reference to shock, 
1019 
Estrogens, content of hormones in urine during 
prostatic enlargement, 612 
tumors in mice receiving estrogens, 624 
Ether, Anesthesia: See under Anesthesia 
Eusterman, G. B.: Cytology of gastric contents 
with reference to gastritis, 55 
Exanthems and lymphadenopathy, 93 
Exercise, absolute muscle power; 
kinesiology of muscle, 395 
pulmonary embolism; experimental study of 
variations in volume blood flow in inferior 
vena cava of dog, 661 
Extremities: See also under names of bones 
traumatic vasospastic dystrophy of, 1042 
Eyes, movements; paralysis of conjugate lateral 
movement of eyes in association with cere- 
bellar abscess, 839 


internal 


Fasting, functions of extrahepatic bile ducts and 
secretory function of liver; clinical study 
on relation between duodenal movements 
and evacuation of bile into duodenum dur- 
ing fasting 693 

functions of extrahepatic bile ducts and secre- 
tory function of liver; experimental study 
on relation between movements of duodenum 
and functions of biliary tract during fast- 
ing, 703 
Fat, Embolism: See under Embolism 
lipoblastic meningioma, 371 
Femur: See also Hip Joint; Knee 
Epiphyses: See Epiphyses 
extra-articular osteosynthesis for nonunion of 
fracture of neck of femur, 557 
old ununited intracapsular fractures of neck 
of femur, 189 
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Ferraro, F. P.: Primary carcinoma of gall- 
bladder, 598 
Fibrosarcoma, periosteal, 566 
Fingers and Toes: See also Foot; Hand 
gangrene following digital nerve block an- 
esthesia; report of case, 929 
Fistula, biliary; postoperative hypoprothrom- 
binemia and anesthesia, 522 
surgical lesions of pancreas; review, 819 
vesicoappendical, 619 
vesicointestinal, 618 
vesicovaginal, 620 
Fluids, fluid replacement in surgical states with 
reference to transfusion of ascitic fluid; 
clinical and experimental study, 453 
Foot: See also Fingers and Toes; etc. 
deformities; cavus feet, 194 
painful; metatarsalgia, 195 
Foramen, Intervertebral: See under Spine 
Forearm, osteoclasis for supination deformities, 
196 
Foreign Bodies, foreign body arthritis, 180 
Fractures: See also under names of bones, as 
Femur; Scaphoid Bone, Tarsal; Spine; etc. 
Colles: See Radius, fractures 
compound, 187 
treatment of war fractures, 188 
Fungi, fungous infections of brain; report of 
4 cases, 379 


Gallbladder: See also Bile; Bile Ducts; Biliary 

Tract 

carcinoma of cystic duct; report of case and 
comments on ligation of hepatic artery in 
man, 1094 

macroscopically nonpathologic gallbladder; 
clinicopathologic study, 665 

primary carcinoma of, 598 

Gangrene and acute appendicitis, 304 

following digital nerve block anesthesia; re- 
port of case, 929 

progressive bacterial synergistic gangrene; in- 
volvement of abdominal wall; report of 
unusual case, 719 

progressive postoperative, of skin, 988 

Gardner, W. J.: Cranial chordomas; clinical 
and pathologic study, 411 

Gastrectomy: See under Stomach 

Gastric Ulcer: See Peptic Ulcer 

Gastritis: See under Stomach 

Gastroenterostomy, obstruction following gastro- 
enterostomy or subtotal resection of 
stomach; treatment by jejunoplasty, 259 

Gastrointestinal Tract: See Colon; Intestines; 
Rectum ; Stomach; etc. 

Geer, W. A.: Case of inguinal endometrioma, 
ote 

Geiser, H.: Progressive postoperative gangrene 
of skin. 988 

Germicides, bactericidal activity of sulfanilamide 
in urine at various levels of hydrogen ion 
concentration, 638 

Glenn, F.: Carcinoma of pancreas, 141 

Goiter: See also Thyroid 

exophthalmic ; muscular atrophy and weakness 
in thyrotoxicosis, 183 

Goldberg, A.: Spinal anesthesia and surgical 
shock, 795 

Gonorrhea; gonorrheal arthritis, 636 

Grafts: See under Ribs; etc. 

Grant, F. C.: Experiences with intramedullary 
tractotomy; relief of facial pain and sum- 
mary of operative results, 681 

Granuloma, nonspecific, of intestine anl lymph- 
adenopathy, 92 

Gray, H. K.: Significance of mammary dis- 
charge in cases of papilloma of breast; 
clinical and pathologic study, 203 

Greenlee, D. P.: Primary carcinoma of gall- 
bladder, 598 

Groin, inguinal endometrioma, 577 

Gutierrez, R.: Review of urologic surgery, 426, 
611 
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Hamilton, R. C.: Primary carcinoma 
bladder, 598 
Hand: See also Fingers and Toes 
luxation of extensor tendons in, 194 
Haverfield, W. T.: Lipoblastic meningioma, 37) 
Head: See also Cranium 2 
injuries; traumatic pachymeningitis interna 
and subdural abscess with reference to 
pathogenesis and pathology, 890 
Heat, comparison of effects of heat and those of 
cold in prevention and treatment of shock 
1054 
Heekes, J. W.: Progressive postoperative gang 
rene of skin, 988 
Hellwig, C. A.: Rapid tissue diagnosis: com- 
parison of microscopic diagnoses obtained 
from Terry’s razor sections and from par 
affin sections in 4,326 biopsies, 788 
Hemolysis, improvement in blood transfusion 
service; selection of test serums; cause and 
prevention of hemolytic reactions; role of 
subgroups Ai and Ag, 321 
Henderson, M. 8.: Extra-articular osteosynthe 
sis for nonunion of fracture of neck of 
femur, 557 
Hepatic Duct: See Bile Ducts 
Hepler, A. B.: Review of urologic surgery, 426 
611 
Herren, R. Y.: Papilloma of choroid plexus, 758 
Hicken, N. F.: Primary appendical abscesses 
156 
Higgins, C. C.: Malignant renal neoplasms in 
children; review of 26 cases, 386 
Hinman, F.: Review of urologic surgery, 426, 
611 
Hip Joint: See also Femur 
dysplastic acetabulums and congenital sub- 
luxation of, 174 
femoral osteotomy for diseases of, 198 
shelf operation for congenital dislocation, 196 
Hoag, C. L.: Obstruction following gastro- 
enterostomy or subtotal resection of 
stomach ; treatment by jejunoplasty, 259 
Hodgkin’s Disease: See Lymphogranuloma 
Hormones, content in urine during prostatic 
enlargement, 612 
Hospitals, improvement in blood transfusion 
service; establishment and operation of 
blood transfusion service, 480 
improvement in blood transfusion service; re- 
sults of 3,077 transfusions of bank blood; 
statistical analysis, 498 
improvement in blood transfusion service; 
selection of test serum; cause and preven- 
tion of hemolytic reactions; role of sub 
groups Ai and Ag, 321 
treatment of appendicitis at Frankford Hos- 
pital; 36 year survey of 4,650 cases, 296 
Hoxworth, P.: Improvement in blood trans- 
fusion service; establishment and operation 
of blood transfusion service, 480 
Improvement in blood transfusion service; re- 
sults of 3,077 transfusions of bank blood; 
statistical analysis, 498 
Improvement in blood transfusion service 
selection of test serums, cause and preven- 
tion of hemolytic reactions; role of sub- 
groups A: and Ag, 321 
Hydatid Cyst: See Echinococé¢osis 
Hydrogen Ion Concentration, bactericidal activ- 
ity of sulfanilamide in urine at various 
levels of, 638 
Hygroma: See under Bursa 
Hyndman, 0. R.: Tic douloureux; relation of 
“trigger zones” to painful seizures; report 
of case, 913 
Hypertension: See Blood pressure, high 
Hyperthyroidism: See under Thyroid 
Hypertrophy: See Prostate; etc. 
Hypoprothrombinemia: See Blood, coagulation 
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icterus: See Jaundice 
fifeld, F. E.: Seventy-third report of progress 
in orthopedic surgery, 172 
Infant Feeding, calcium and phosphorus metab- 
olism in osteomalacia, 200 
Infants, newborn; changes in long bones after 
idministration of bismuth preparations, 177 
newborn, infection of bone in, 178 
Infarction: See under Prostate 
Infection: See under names of bacteria, as 
Staphylococci; etc. 
Inguinal Region: See Groin 
Injuries: See under Head 
Instruments: See also Apparatus 
instrumental perforation of rectosigmoid, 850 
Intervertebral Disk: See under Spine 
Intestines: See also Colon; Duodenum; Rec- 
tum; Sigmoid; etc. 
acute enterocolitis mesenteric 


and lymph- 


adenopathy, 91 
carcinoma of large intestine ; 
autopsy records, 901 
nonspecific granuloma, and lymphadenopathy, 
99 


review of 416 


obstruction following gastroenterostomy or 
subtotal resection of stomach; treatment 
by jejunoplasty, 259 
parasites, as cause of lymphadenopathy, 86 
primary torsion and infarction of appendices 
epiploicae, 775 
resection of colon by intussusception; 1 stage 
interiorization procedure resulting in end 
to end anastomosis, 508 
timing operative intervention for acute ob- 
struction, 581 
Uleers: See Peptic Ulcer 
Intussusception, resection of colon by; 1 stage 
interiorization procedure resulting in end 
to end anastomosis, 508 
Ireneus, C., Jr.: Experimental bile pancreatitis 
with reference to recovery and to toxicity of 
hemorrhagic exudate, 126 


Jaundice, destruction of prothrombin and stor- 
age of vitamin K, 969 
postoperative hypoprothrombinemia and 
esthesia, 522 
Jejunoplasty: See Gastroenterostomy 
Jejunum, Ulcers: See Peptic Ulcer 
Jesser, J. H.: Visualization of pulmonary 
artery during its embolic obstruction, 1034 
Joints: See also under names of individual 
joints, as Elbow; Hip Joint; Knee; etc. 
analgesia, 182 
autogenous rib cartilage grafts to 
surface defects in dog joints, 199 
foreign body arthritis, 180 
physiology of articular structures, 201 
Tuberculous: See under Arthritis 
Joplin, R. J.: Seventy-third report of progress 
in orthopedic surgery, 172 
Joyce, T. M.: Some unusual tumors of cervical 
region, 338 


an- 


repair 


Kabat, H.: Differential sensitivity of sarcoma 
and normal tissues to temporary arrest of 

_ Circulation, 917 

Kaplan, L.: Relation of scalenus anticus mus- 
cle to pain in shoulder; diagnostic and 
therapeutic value of procaine infiltration, 
fog 


Kauer, J. T.: Carcinoma of pancreas, 141 
Kaufman, P. A.: Gangrene following digital 
__ herve block anesthesia ; report of case, 929 
Kidneys: See also Urinary Tract 
calcification, 443 
echinococcus cyst, 433 
infections of renal cortex, 434 
malignant neoplasms in children; 
26 cases, 386 
necrosis, 434 
physiology ; urinary secretion in chicken, 641 
renal blood flow and sympathectomy in hyper- 
tension, 1072 
renal hypertension, 435 
tuberculosis, 426 
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Kidneys—Continued 
tumors, 440 
vascular pedicle, 441 
Kinesiology: See under Exercise 
Kling, D. H.: Nondestructive tuberculous poly- 
arthritis versus tuberculous rheumatism 
(Poncet) ; report of case, 956 
Knee, suppuration of knee joint, 178 
treatment of sprains and dislocations, 190 
Koster, H.: Spinal anesthesia and surgical 
shock, 795 
Koucky, J. D.: Timing operative intervention 
for acute intestinal obstruction, 581 
Kuhns, J. G.: Seventy-third report of progress 
in orthopedic surgery, 172 


Legs: See Extremities; Foot; Knee; and under 
names of bones 
Leithauser, D. J.: Early rising and ambulatory 
activity after operation; means of prevent- 
ing complications, 1086 
Leukocytes, cytology of gastric contents with 
reference to gastritis, 55 
Levine, M. A.: Nondestructive tuberculous 
polyarthritis versus tuberculous rheumatism 
(Poncet) ; report of case, 956 
von Lichtenberg, A.: Review of urologic sur- 
gery, 426, 611 
Lichtenstein, M. E.: Progressive bacterial 
synergistic gangrene; involvement of ab- 
dominal wall; report of unusual case, 719 
Ligatures: See under Surgery 
Lithiasis: See Prostate, calculi; Ureters, 
culi; Urinary Tract, calculi; ete. 
Liver: See also Biliary Tract 
changes associated with hyperthyroidism, 
with study of plasma prothrombin levels in 
immediate postoperative period, 643 
functions of extrahepatic bile ducts and secre- 
tory function of liver; clinical study on re- 
lation between duodenal movements and 
evacuation of bile into duodenum during 
fasting, 693 
functions of extrahepatic bile ducts and secre- 
tory function of liver; experimental study 
on relation between movements of duo- 
denum and functions of biliary tract dur- 
ing fasting, 703 
hydatid cyst of, 973 
hydatid disease (hydatidosis) ; pathology and 
treatment, 1 
peritoneoscopy for disease of 
tract or pancreas, 877 
Livingstone, H.: Postoperative hypoprothrom- 
binemia and anesthesia, 522 
Lord, J. W., Jr.: Changes in liver associated 
with hyperthyroidism, with study of plasma 
prothrombin levels in immediate postopera- 
tive period, 643 
Lorry, R. W.: Treatment of appendicitis at 
Frankford Hospital; 36 year survey of 
4,650 cases, 296 
Lungs, carcinoma of, 209 
hydatid disease (hydatidosis) ; pathology and 
treatment, 1 
Lymph Nodes: See also Lymphogranuloma 
general abdominal lymphadenopathy with 
reference to nonspecific mesenteric adenitis, 
71 
Lymphadenopathy: See Lymph Nodes 
Lymphogranuloma, osseous changes in certain 
diseases (Hodgkin’s disease), 191 


cal- 


liver, biliary 


Maes, U.: Fluid replacement in surgical states 
with reference to transfusion of ascitic 
fluid; clinical and experimental study, 453 

Mammary Gland: See Breast 

Margolin, E. S.: Vertebral compression frac- 
tures sustained during convulsions, 550 

Marshall, J. H.: Vertebral compression frac- 
tures sustained during convulsions, 550 

Mason, M. F.: Comparison of effects of heat 
and those of cold in prevention and treat- 
ment of shock, 1054 

Medulla Oblongata, experiences with intra- 
medullary tractotomy; relief of facial pain 
and summary of operative results, 681 
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Meninges, lipoblastic meningioma, 371 
traumatic pachymeningitis interna and sub- 
dural abscess with reference to patho- 
genesis and pathology, 890 
Meningioma, lipoblastic, 371 
Menne, F. R Some unusual tumors of cer- 
vical region, 338 
Mesentery, Lymph Nodes: See Lymph Nodes 
Metatarsalgia: See Foot, painful 
Metrazol, vertebral compression fractures sus- 
tained during convulsions, 550 
Meyer, K. A.: Pernicious anemia following 
total gastrectomy, 18 
Miller, J. M.: Anomaly of right inferior 
laryngeal nerve, 712 
Mohs, F. E.: Chemosurgery; microscopically 
controlled method of cancer excision, 279 
Mononucleosis, infectious, and lymphadeno- 
pathy, 96 
Mulrooney, R. E.: Cytology of gastric contents 
with reference to gastritis, 55 
Murakami, T.: Functions of extrahepatic bile 
ducts and secretory function of liver; clini- 
cal study on relation between duodenal 
movements and evacuation of bile into duo- 
denum during fasting, 693 
Functions of extrahepatic bile ducts and se- 
cretory function of liver; experimental 
study on relation between movements of 
duodenum and functions of biliary tract 
during fasting, 703 
Muscles, absolute muscle power; internal 
kinesiology of muscle, 395 
cervical ribs and scalenus muscle syndrome, 


relation of scalenus anticus muscle to pain 
in shoulder; diagnostic and _ therapeutic 
value of procaine infiltration, 739 
Myositis ossificans traumatica, 182 


Nassau, C. F.: Treatment of appendicitis at 
Frankford Hospital; 36 year survey of 
4,650 cases, 296 

Navicular Bones: See Scaphoid Bone, Tarsal 

—e, oe unusual tumors of cervical region, 

Nerves: See also Neuralgia; Paralysis 

cnemey of right inferior laryngeal nerve, 


experiences with intramedullary tractotomy ; 
relief of facial pain and summary of 
operative results, 681 
gangrene following digital nerve block anes- 
thesia; report of case, 929 
results of removal of acoustic tumors by 
unilateral approach, 1026 
Nervous System: See Brain; Nerves; etc. 
Neuralgia, experiences with intramedullary 
tractomy; relief of facial pain and sum- 
mary of operative results, 681 
trigeminal; tic douloureux; relation of “‘trig- 
ger zones” to painful seizures; report of 
case, 913 
Newborn Infants: See Infants, newborn 
Nipple: See Breast 
Nucleus Pulposus: See Spine 


Occipital Bone, pneumatocele occipitalis, 858 
Ochsner, A.: Carcinoma of lung, 209 
O’Conor, V. J.: Review of urologic surgery, 
426, 611 
Orthopedic surgery, seventy-third report of 
progress in, 172 
Os Acromiale: See Scapula 
Osteitis deformans, 175 
fibrosa, parathyroid function and osseous 
disease, 175 
Osteoclasis: See Forearm 
Osteomyelitis, acute hematogenous, 177 
infection of bone in newborn, 178 
Osteosynthesis: See under Femur 
Ovary, metastasis of primary carcinoma of 
breast with reference to spleen, adrenal 
glands and ovaries, 1003 
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Pachymeningitis, traumatic pachymeningitis in- 
terna and subdural abscess with reference 
to pathogenesis and pathology, 890 

Page, I. H.: Renal blood flow and sympath- 
ectomy in hypertension, 1072 

Paget’s Disease of Bones: See Osteitis deform. 


ans 
Pain, relation of scalenus anticus’ muscle to 
pain in shoulder; diagnostic and thera- 
peutic value of procaine infiltration, 739 
Pancreas, carcinoma of, 141 
peritoneoscopy for disease of liver, billary 
tract or pancreas, 877 
surgical lesions of; review, 819 
Pancreatitis, experimental bile pancreatitis with 
reference to recovery and to toxicity of 
hemorrhagic exudate, 126 
surgical lesions of pancreas; review, 819 
Papilloma of choroid plexus, 758 
significance of mammary discharge in cases 
of papilloma of breast; clinical and patho- 
logic study, 203 
Paralysis, anomaly of right inferior laryngeal 
nerve, 712 
of conjugate lateral movement of eyes in 
association with cerebellar abscess, 839 
of serratus magnus muscle, 185 
Parasites: See under Intestines 
Parathyroid function and osseous disease, 175 
unusual tumors of thyroid and parathyroid 
origin, 350 
Paratyphoid infection and mesenteric lymph- 
adenopathy, 91 
Parker, M. L.: Metastasis of primary carci- 
noma of breast with reference to spleen, 
adrenal glands and ovaries, 1003 
Patterson, D. C.: Case of inguinal endometri- 


4 .: Instrumental perforation of 
rectosigmoid, 850 
Pelvis, pelvic actinomycosis, 1060 
os  anmeed for neoplasm of pelvic organ, 


peritoneoscopy for nonmalignant disease of 
pelvic organ, 886 
Pemberton, J. deJ.: Anomaly of right inferior 
laryngeal nerve, 712 
Peptic Ulcer, cytology of gastric contents with 
reference to gastritis, 55 
role of alkali therapy in formation of urinary 
calculi, 632 
Periosteum, fibrosarcoma, 566 
Peritoneoscopy: See Peritoneum 
Peritoneum, selection of cases for peritoneo- 
scopy, 872 
Peritonitis, acute appendicitis with perforation 
and peritonitis, 305 
tuberculous, peritoneoscopy for, 887 
Perlman, R.: Seventy-third report of progress 
in orthopedic surgery, 172 
Phalanges: See Fingers and Toes 
Phosphorus and Phosphorus Compounds, cal- 
cium and phosphorus metabolism in osteo- 
malacia, 200 
Pines, B.: Primary torsion and infarction of 
appendices epiploicae, 775 
Pneumatocele: See Occipital Bone 
Polyarthritis: See Arthritis 
Poncet’s Disease: See Arthritis 
Potts, W. J.: Pulmonary embolism ; experimen- 
tal study of variations in volume blood 
flow in inferior vena cava of dogs, 661 
Pregnancy, changes in long bones of newborn 
infants after administration of bismuth 
preparations, 177 
Priestley, J. T.: Review of urologic surgery, 
426, 611 
Procaine: See Anesthesia 
Prostate, calculi, 612 
carcinoma, 613 : 
hypertrophy; content of hormones in urine 
during prostatic enlargement, 612 
infarction, 613 
perineal prostatectomy, 611 
sarcoma, 614 
Prostatectomy: See under Prostate 
Prothrombin: See Blood, coagulation 
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puberty: See Adolescence 

Pulaski, E. J.: _ Treatment of appendicitis at 
Frankford Hospital; 36 year survey of 
4,650 cases, 296 

Purpura and lymphadenopathy, 94 

pyelography; urography, 642 


Rabinovitch, J.: Primary torsion and infarc- 
tion of appendices epiploicae, 775 

Radius, Dislocation: See Elbow, dislocations 
fractures; Colles’ fracture, 186 

Raffel, W.: New method for physiologic de- 
compression after gastric operations; pre- 
liminary report, 1083 

H Inadequately treated cretin, 


Rectum, instrumental 

moid, 850 
peritoneoscopy for neoplasm of colon or rec- 

tum, 877 

Reidy, J. A.: Seventy-third report of progress 
in orthopedic surgery, 172 

Respiration, pulmonary embolism; experimental 
study of variations in volume blood flow in 
inferior vena cava of dog, 661 

Rheumatic Fever, acute, and lymphadenopathy, 
97 


perforation of rectosig- 


Rheumatism: See also Arthritis 
nondestructive tuberculous polyarthritis ver- 
sus tuberculous rheumatism (Poncet); re- 
port of case, 956 
Ribs, autogenous rib cartilage grafts to repair 
surface defects in dog joints, 199 
cervical, 173 
cervical, and scalenus muscle syndrome, 172 
relation of scalenus anticus muscle to pain in 
shoulder; diagnostic and therapeutic value 
of procaine infiltration, 739 
Rittenhouse, M.: Vertebral compression frac- 
tures sustained during convulsions, 550 
Roentgen Rays, Therapy: See under names of 
organs, regions and diseases, as Arthritis; 


etc. 
Rumbold, L.: Some factors in lowered mortal- 


ity rate for acute appendicitis; analysis 
of 2,013 consecutive cases, 25 

Salivary Glands, primary tumors of, 340 

Salzburg, P.: Differential sensitivity of sar- 
coma and normal tissues to temporary ar- 
rest of circulation, 917 

Saphir, O.: Metastasis of primary carcinoma 
of breast with reference to spleen, adrenal 
glands and ovaries, 1003 

Sarcoma: See also Cancer; 
Tumors ; etc. 

differential sensitivity of sarcoma and normal 

tissues to temporary arrest of circulation, 
917 


Fibrosarcoma ; 


of prostate, 614 
Saunders, J. B.: Obstruction following gastro- 
enterostomy or subtotal resection of stom- 
ach; treatment by jejunoplasty, 259 
Scalp, basal cell carcinoma in youth; report 
of case, 909 
Scaphoid Bone, Tarsal, fractures of, 186 
Scapula, congenital elevation of, 529 
Scholl, A. J.: Review of urologic surgery, 
426, 611 
Schwartz, S. 0.: Pernicious anemia following 
total gastrectomy, 18 
Sewell, R. L.: Basal cell carcinoma in youth; 
report of case, 909 
Shapiro, A.: Spinal anesthesia and surgical 
_ shock, 795 
Sheppard, W. B.: Seventy-third report of 
progress in orthopedic surgery, 172 
Shively, F. L., Jr.: Malignant renal neoplasms 
in children; review of 26 cases, 386 
Shock, comparison of effects of heat and those 
of cold in prevention and treatment, 1054 
effects of uncomplicated hemoconcentration 
(erythrocytosis) with reference to, 1019 
pathology of dehydration shock, 939 
surgical, and spinal anesthesia, 795 
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Shoulder: See also Scapula 
relation of scalenus anticus muscle to pain 
in shoulder; diagnostic and therapeutic 
value of procaine infiltration, 739 
treatment of tuberculosis; study of end re- 
sults, 730 
Sigmoid: See also Colon; Intestines 
instrumental perforation of rectosigmoid, 850 
Skinner, C.: Improvement in blood transfu- 
sion service; establishment and operation 
of blood transfusion service, 480 
Improvement in blood transfusion service; 
results of 3,077 transfusions of bank blood; 
statistical analysis, 498 
Skull: See Cranium 
Smith, A. DeF.: 
scapula, 529 
Smith, S.: Pulmonary embolism; experimental 
study of variations in volume blood flow 
in inferior vena cava of dog, 661 
Societies, Congress of Plastic Surgery, 968 
Spine, acute infectious lesions of intervertebral 
disks, 179 
arthritis and para-arthritis (bursitis and 
spondylitis) treated with roentgen ray, 181 
fractures and dislocations of cervical portion 
with review of 89 cases, 537 
fractures in cases of epilepsy and other 
convulsive disorders, 551 
fractures in cases of tetanus, 551 
pathology of intervertebral disk, 193 
spondylitis ankylopoietica, 181 
vertebral compression fractures 
during convulsions, 550 
Spleen, metastasis of primary carcinoma of 
breast with reference to spleen, adrenal 
glands and ovaries, 1003 
peritoneoscopy for spleen and retroperitoneal 
masses, 881 
Spondylitis: See Spine 
Staphylococci, infection of bone in newborn, 
178 


Congenital elevation of 


sustained 


infections of renal cortex, 434 
Sterilization: See Germicides 
Stomach, cytology of gastric contents 
reference to gastritis, 55 
new method for physiologic decompression 
after gastric operations; preliminary re- 
port, 1083 
obstruction following gastroenterostomy or 
subtotal resection of stomach; treatment 
by jejunoplasty, 259 
peritoneoscopy for neoplasm of, 874 
pernicious anemia following total 
tomy, 18 
Ulcers: See Peptic Ulcer 
— E. M.: Case of inguinal endometrioma, 
5 


with 


gastrec- 


Sulfanilamide and Sulfanilamide Derivatives, 
bactericidal activity of sulfanilamide in 
urine at various levels of hydrogen ion 
concentration, 638 

Therapy: See under Urinary Tract, infec- 
tions; etc. 

urologic complications of use of sulfanilamide 
compounds, 639 

Sulfur, Therapy: See Arthritis 

Suprarenals: See Adrenals 

Surgery, Congress of Plastic Surgery, 968 

early rising and ambulatory activity after 
operation; means of preventing complica- 
tions, 1086 

fluid replacement in surgical states with 
reference to transfusion of ascitic fluid; 
clinical and experimental study, 453 

progressive postoperative gangrene of skin, 
988 


Sutro, C. J.: Basis and treatment of calci- 
fication of tendinocapSular tissues, espe- 
cially supraspinatus tendon, 1065 

Sympathectomy and renal blood flow in hyper- 
tension, 1072 

Synovial Membrane, xanthoma of tendon sheaths 
and synovial membranes, 192 

Syphilis: See under names of organs and re- 
gions 
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Tabes Dorsalis, diagnosis of neuropathic joint 
disease (Charcot joint), 180 
Tarsus: See Foot; Scaphoid Bone, Tarsal 
Temperature: See Cold 
Tendons, basis and treatment of calcification of 
tendinocapsular tissues, especially supra- 
spinatus tendon, 1065 
luxation of extensor tendons in hand, 194 
xanthoma of tendon sheaths and synovial 
membranes, 192 
Terry, rapid tissue diagnosis; comparison of 
microscopic diagnoses obtained from Terry's 
razor sections and from paraffin sections 
in 4,326 biopsies, 788 
Testicles, congenital absence, 625 
ectopia, 625 
tuberculosis, 
tumors, 624 
tumors in mice receiving estrogens, 624 
Tetanus, vertebral fractures in cases of, 551 
Thompson, G. J.: Review of urologic surgery, 
426, 611 
Thyroid: See also Goiter; Parathyroid 
changes in liver associated with hyperthyroid- 
ism, with study of plasma prothrombin 
levels in immediate postoperative period, 
643 
hyperthyroidism ; muscular atrophy and weak- 
ness in thyrotoxicosis, 183 
inadequately treated cretin, 1048 
surgery; anomaly of right inferior laryngeal 
nerve, 712 
unusual tumors of thyroid and parathyroid 
origin, 350 
Thyrotoxicosis : 


623 


See Thyroid, hyperthyroidism 
Tic Douloureux: See Neuralgia, trigeminal 
Tissue: See also Cells 
basis and treatment of calcification of tendino- 
capsular tissues, especially supraspinatus 
tendon, 1065 
differential sensitivity of sarcoma and normal 
tissues to temporary arrest of circulation, 
917 : 
rapid tissue diagnosis; comparison of micro- 
scopic diagnoses obtained from Terry’s 
razor sections and from paraffin sections 
in 4,326 biopsies, 788 
Toes: See Fingers and Toes 
Toxemia as cause of lymphadenopathy, 90 
Transplantation: See under Ribs; Ureters; etc. 
Trauma: See also under Head; etc. 
as cause of lymphadenopathy, 85 
traumatic vasospastic dystrophy of extremi- 
ties, 1042 
Trochanter: See Femur 
Tuberculosis: See also under names of organs, 
regions and diseases, as Arthritis; Kidneys; 
Peritonitis; Shoulder; Testicles; etc. 
bacilluria (Myco. tuberculosis), 633 
Tumors: See Cancer; Chordoma; Papilloma; 
Sarcoma; and under names of organs and 
regions, as Bladder; Colon; Kidneys; 
Salivary Glands; Testicles; Thyroid; etc. 
Turner, O.: Cranial chordomas; clinical and 
pathologic study, 411 
ta, J. A.: Pelvic actinomycosis, 1060 
Typhoid fever and mesenteric lymphadenopathy, 
91 


Uchiyama, H.: Functions of extrahepatic bile 
ducts and secretory function of liver; clin- 
ical study of relation between duodenal 
movements and evacuation of bile in duo- 
denum during fasting, 693 

Functions of extrahepatic bile ducts and 
secretory function of liver; experimental 
study on relation between movements of 
duodenum and -functions of biliary tract 
during fasting, 703 
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Ureters: See also Urinary Tract 
calculi, 452 
transplantations, 443 
ureterostomy, 452 
Urethra, stricture, 626 
Urinary Tract: See also Kidneys; Ureters- 
fe me equine. 632 i 
calculi, role of alkali therapy for peptic 
in formation of, 632 ae 
calculi; urinary lithiasis, 626 
infections of, 634 
infections ; sulfathiazole, 639 
eo bacilluria (Myco. tuberculosis), 


etc, 


content of hormones in urine during prostatic 
enlargement, 612 
Secretion: See Kidneys, physiology 
suppression ; urologic complications of use of 
sulfanilamide compounds, 639 
Urography: See Pyelography 
Urolithiasis: See Urinary Tract, calculi 
Urologic surgery, review of, 426, 611 


Veins: See Embolism; Vena Cava; etc. 

Vena Cava, pulmonary embolism; experimental 
study of variations in volume blood flow in 
inferior vena cava of dog, 661 

Vermeulen, C.: Destruction of prothrombin and 
storage of vitamin K, 969 

Vertebrae: See Spine 

Verumontanum: See Urethra 

Vitamins, B; vitamin Be for pseudohypertrophic 
muscular dystrophy, 184 

D; calcium and phosphorus metabolism in 
osteomalacia, 200 

E for muscular dystrophies and allied condi- 
tions, 184 

K: See also Blood, coagulation 

K, Se of prothrombin and storage 
or, 

Walker, A. E.: 

Walters, W.: 
view, 819 

War, treatment of war fractures, 188 

Wassersug, J. D.: Treatment of tuberculosis of 
shoulder ; study of end results, 730 

"a T. R.: Appendix vermiformis duplex, 
3 


Weaver, T. A., Jr.: Paralysis of conjugate 
lateral movement of eyes in association 
with cerebellar abscess, 839 

Weinberger, L. M.: Experiences with intra- 
medullary tractotomy; relief of facial pain 
and summary of operative results, 681 

Weissman, L. H.: Pernicious anemia following 
total gastrectomy, 18 

Wheat Germ Oil: See Vitamins, E 

Wildbolz, E.: Review of urologic surgery, 426, 


Lipoblastic meningioma, 371 
Surgical lesions of pancreas; re- 


611 

Wilensky, A. O.: General abdominal lymph- 
adenopathy with reference to nonspecific 
mesenteric adenitis, 71 


Wilms Tumor: See under Kidneys 

Wood, G. A.: Significance of mammary dis- 
charge in cases of papilloma of breast ; clin- 
ical and pathologic study, 203 

Wood, G. O.: Effects of uncomplicated hemo- 
concentration (erythrocytosis) with refer- 
ence to shock, 1019 , 

Resection of colon by intussusception; 1 

stage interiorization procedure resulting in 
end to end anastomosis, 508 

Woodhall, B.: Pneumatocele occipitalis, 858 


Xanthoma of tendon sheaths and synovial mem- 
branes, 192 


Zeller, W. E.: Some unusual tumors of cervi- 
cal region, 338 
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